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STA3IFORD, Connecticut, Avgust 11, 1871. 

Sir i On the 9tli of September, 1870, I had tlie honor to receive from the Xiivy Department 
an order to command ** an exi)edition for the survey of the Isthmus of Teliuanti'pec and !Nieara.*;:ua, 
in order to ascertain the practicability of a ship-caual at tlu>so i>hices between the Athuitic and 
Pacific Oceans." On the 2Gth of the same month I submitted to the Department the following 
memorandum, which was approved of as the basis of the work : 

" It is conceded that an interoceanic canal through any of the isthmus passes of the western 



EEKATA. 

Page 13, sixth line, " It is conceded " should read, •* If it is conceded." 

Page 16, fourth paragraph, " ohstaclea " should be ** obstacle." 

Page 18, half-iKray down page, " were" should be ** was." 

In geological map, light blue at Jaltipan and Uspanapa Kiver should show Asphaltum. 

Dark brown at Tarifa, and near by, should show Calca^^ons Tufa. 

.J. K. B. 



Cisco, being 1,350 nautical miles, and over the other routes proportionately. A steam canal-boat 
could loa4l at any point on the Mississippi, and deliver her cargo at San Francisco in 10 to 12 days 
from New Orleans. Thus, a canal at this point becomes a part of our own internal water commu- 
nication, as well a« affording a channel for the external commerce of ourselves and of the world. 
Both, therefore, in a military and commercial point of view, this route may be deemed of the first 
importance, and it is respectfully suggested that the expedition may be directed to go first to 
Tehuantepec, and ascertain the practicability of a ship-canal at that point. This Isthmus has 
been already thoroughly surveyed by distinguished officers of our Army and Kavy, w ith a view to 
railway communication, and their maps are in our possession. 

"With the advantages of modern science, a canal can be built anywhere, involving only the 
question of expense, provided wat^r can be found to fill it. This is the problem which the expe- 
dition must solve, and for this pur^jose a thorough exploration must be made at the summit-level. 
Tarifa, said to be 680 feet ab^ve the sea, so far has been considered the lowest elevation, and Senor 
Moro, in 1843, devised a system of feeders from the adjacent rivers by w hich water could be brought 
to that point sufficient for the pur^^ose. It will be the object of the present party to verify his 
report, and also to ascertain if anj' additional source of supply can be obtained. 

"If water cannot be obtained, either by natural or artificial means, at that point, or some lower 
level found, then any further work will be useless, so far as this expedition is concerned. But, get- 
ting a satisfactory solution to this problem, then I suggest a survey of the lagoons on the Pacific 
side, and an examination of the outlet of the lagoons into the ocean, with a view of determining 
their character as a harbor. 
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'' On the Gulf I propose a survey of the bar of the Coatzacoalcos, to estimate the possibility of 
deepening it. That being found unad visable, then to examine the adjacent point, ' La Barilla,' with 
a view to forming an artificial harbor for the entrance of the canal. This work being accomplished, 
I propose to follow the probable line of the canal .between these ports, to form some estimate of the 
character of the soil, the natural obstacles, and the liability to inundation during the rainy season. 
We do not propose to define the character of the work to be constructed or to estimate its cost. An 
undertaking of such magnitude should not be commenced until every foot of the way has been 
thoroughly examined, and every x)ossible contingency calculated. 

" This small party does not desire to be considered anything more than pioneers and explorers 
for those who, if the project is to succeed, will follow them in broader paths, with more minute 
investigation and more scientific knowledge." 

On the 6th October I received my final orders, in which were placed under my command the 
United States steamers Kansas and Mayflower, and in which I was informed that a vessel from the 
Pacific squadron would be detailed for the hydrographic work on that side of the Isthmus. 

The expedition, as organized for the land party, consisted of the following personnel : 

E. W. Shufeldt, captain commanding ; Geo. C. Remey, lieutenant commander ; John R. Bartlett, 
jr., lieutenant commander; P. H. Cooper, lieutenant commander; J. C. Spear, surgeon and geologist; 
n. A. Bartlett^ captain of marines, and i)hotographer ; R. T. Jasper, master; C. W. Rae, second 
assistant engineer. 

In addition to the naval officers, Mr. E. A. Fuertes, civil engineer, was appointed chief civil 
engineer; Mr. R. H. Buel, assistant civil engineer; Mr. T. B. Street, assistant geologist and natural- 
ist ; and Mr. E. J. Somers, draughtsman. 

I take occasion here to express my appreciation of the untiring zeal and intelligence displayed 
by Mr. Fuertes throughout our arduous work. His scrupulous adherence to facts, coupled with a 
knowledge of his profession, entitle his report (herewith appended, and marked A) to the entire 
confidence of the Government. 

These civilians were employed to place the results of the work beyond the reach of that criti- 
cism which might allege that naval officers were not competent to perform the duties of civil 
engineers or draughtsmen. Mr. Fuertes himself, however, bears willing testimony to the fact that 
the officers who acted as his assistants became in a short time expert in their new profession, and 
that the whole party at work in the mountains bore exposure and privation without a murmur. 
Special praise is due Lieutenant Commander Bartlett and his assistants, Messrs. Jasper and Rae, 
upon whom fell much of the labor and many of the hardships of the field-work, the results of 
which would be creditable to men of higher pretensions. 

On the 11th of November the expedition entered the Coatzacoalcos River. Through the inter- 
vention of the Hon. Secretary of State the Mexican government had already been informed of the 
object of our coming, and had given cordial assent to the proposed survey, as will be seen in a com- 
munication receiv^ed by me from the Hon. Thos. H. Nelson, United States minister in Mexico. 
(Copy appended, and marked F.) About this time I was informed that a commission of IMexican 
engineers would join our party in the interior. The following-named gentlemen comprised this 
commission, viz: Messrs. Manuel Fernandez, Augustin Barroso, and Guillermo Segura, and joined 
at '^ La Chivela" on the 10th of January, 1871, working in perfect accord with our own force, and, I 
presume, making a final favorable report of our joint work to the Mexican government. 

It may be as well to state here that President Juarez detailed a battalion of the line, consisting 
of six hundred men, commanded by Colonel Montesino, for the protection of the surveying party in 
the disturbed districts, and that this duty was performed by that officer always with alacrity and 
evident desire to assist us in our work. 

In the interval between the 11th and 2Sth November the Engineer Corps were engaged at 
Minatitlan in adjusting instruments and making all necessary preparations for the journey into 
the interior. 

The hydrographic party, under the command of Lieutenant Commander N. H. Farquhar, com- 
manding the Kansas, received the necessary instructions for the survey of the waters on the 
Atlantic side, and commenced work. Lieutenant Commander Farquhar's report is herewith ap- 
pended, (marked B.) 
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That officer liae disiilnyeil no nmitb ability and jiidgiDent tbat 1 Hubiiitt lib n>]M)rt without nay 
other coninieut of my own tLaii to draw your attention to tbe gratifying fert that tbo Coati«it>wil- 
cos Bar is not only deepening from natural cansea, as may be sei'U by oouipariNou witli ruliablu 
charts of older dato, but tbat, from the nature of tbe bottom, it inny be easily dredged to any requi- 
site depth. Tbe deduction of Mr. Fuertea, after carefnl investigation into the eausc of tbe ciitre-iiUi 
and their effect at the mouth of this river, will be found of interest. I am siitisfied tbat, at » L>u«t 
not at all commensarat« with the magnitude of the proposed work, tbe entrance of the Uoaiaacoal- 
vod ean be luadei'^isy of iiecese, and the mouth of tbe river one of the best harbors in the Uulfof 
Mexico. 

It will also be observed by Captain Farquhar*B report, that this river tMii be deepened to 22 feet 
up to tbe island of Tacaniichapii, at comparatively sniiill exjiense. 

On the 11th of December tbe surveying party reached the plaiEis of t'hivchi, and eslablisluii 
headquarters in the house of Don Julian Maeheo. This geTitlemaii is the proprietor of a hacienda, 
within the limits of which are to be fouud all the pusses through the Cordilleras ou the Isthmus, 
and to him we are indebted for constant hospitality and assistance. 

In pui-snanoe of our preconceived arrangements, first to esainiue and test the coiTectnens of pre- 
vious surveys, Messrs. Fuertcs and Bnel started to look into the plan proposed by SeBor Moro, 
1S43, for feeding the summit-level of a ship eaniU by means of tbe junction of the riveraC'hicapanml 
Ostuta, the route of the canal being through tbe portilto of Taiifn, willi Hie folloKlug resnlt», as 
reported liy Mr. Fuertes, viz: " That the joint delivery of both rivers is not siitllcieut to fewl a 
c^nal ; that the junction cannot be elTected, because the Ostuta i» 180 feet Itelow the sHUiniit, aud 
if it were at the proper height to insure the supply, in onler to bring the water down it would 
refjuire to cut a prisai, whose base would be about twenty miles long; its western depth at the 
Palmer Itancho ijo feet, gradually increasing to over 1,4(H} feet at the pasi<, diminishing IVoin this 
point to the bypothetical height of the Ostnta. The inevitable i-onelnsion is that, pmntlcally 
speaking, Mr. Moro's project is imposaible." 

Mp. Moro was a cirit engineerof note, and the air of candor and trnthfulncK' which pervades hin 
re^tort inspired confidence which, togelherwith the hope of finding this eatiy solntion of the problem, 
cuatuMl me to accept the disapimintment with retnctauw' : but 1 am convinced, ftom the extreme 
care used in taking the observations and tbe cAution esereised by the above gentlemen, tintt this 
projet:t must be abandoned, and it is tbe only one which has hitherto been made, as the result of . 
personal aud praeUcfll obaervation. 

The streams in the vicinity of Tarifa and Chivela were examined during the month of Deeem- 
her, a period of the year most favorable to measure the mean contents of their probable supply. 
These sti-eams are the Altnoloya, Guichiloua, Gitnne, Verde, Mafiahua, Tarifa, Chichihun, MonetKu, 
JUilagrito, I'ericon, and Mentidero. Of these, the Almoloya is the most imtwrtunt ; it wa» ganged 
tlie -J<1 of December, and its delivery was foond to bo 7.28 cubic feet per second ; subsequently, In 
M.-ircli, it was nejirly dry. Some of the rivers drawn on different maps are simply hill groins, 
through which watvr only liow.s during showers ; the Mosahua is one of Ihesi-. The results of the 
lut^aiiun^meul of these waters esclnded tbe possibility of feeding tbe summit-level from this source, 
for, in addition to Ihe iiisigiiiUcauce of their aggregate delivery, most of them, nt available piiiutit, 
ilo not possess the necessaiy elevation. 

While Mr. Fnertes aii<l his i>art>' were making thi^sc explorations, Lieutenant Commanded' Barl- 
lett, witli Captain Itartlett; United States Marine Corps, Master Jasper, and Assistant Kngineer Hue, 
■wem engaged in nmuing a transit aud level line from Chivela to the Ahnoloya River, another from 
Chivela to Tarifa, ami finally, with the ho[M' of finding a more available pass and nearer the possi- 
Ide source of supply, a ti-.insit aiul level line was ruu by this pally IVom Tarifa to the Junction of 
Ihe Cbiehihna and Cofnnlia roads; thence up the IVrieon Valley to the Han Miguel |ihs!«, aud 
down to San Miguel Chimalapa. This duty wiw [terlormet] with zeal and under uuuiy dUliculties, 
bat it only resulledin dis»|)t>oti(,taient, as the pas:; wils found to l>e <'tlK feet higher than TiuifH, and 
tJie nature of the cutting dinicull. Thus the passage for tlie canal thitaigh the Cordillenis beeiiniu 
limited to the portillo of Tarifii. 

Tlt<- jirubleiu fiir finding anufnnd sn[>)ily of wider and the bcKt pu.-is at the summit, haviug 
hoeomu simplified by the elimination of the minor rivers and tbe other iHirtillos, our attention wax 
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Dr. Si>oar lian pvcn tbe siiltjcct. of ranterml for tlio coiiRtrn<!tioii of n rnnnl (front alI«iilJoii, 
and Iiis report yfU\ be fouod to confinu previous stiiteuieuts, that nhunilnnrc of wooil nnd stoiio <:iiii 
l«? Dbtained nil nlong the proposed routt>, of tlie best qiidlity for tlie pnrposc. 

VVbile Mr. Fuertes and LioiitPimiit Commander Iteniey were Ibiis oiigiigcd in dcflnini; tbtf 
feeder-roiite, Lieutenant Coimnaiidcr Bartlett completed tbe level and trnrisU liiiu from Mi« Cofrudia 
to the iuitial point on tbe Kio Cortc, and later iu tbe season, bi>tweeii April 4 niid I'd, by tbu joint , 
operation uf botli parties, a line was run from Salina Cruz to Tnrifa, for tbe pnrjtuae of ostabliitb- 
iiig tbe elevation of the latter point above tbe Pacific, vbieb during pi-i^vions calciilatiouH bad 
been assntucd, and thus completing tbe line from the level of the ocean at ^aliriaOniz tutbeCortf^ 
at the junction of tbe Blanco. 

On the 2'M\ of February, Coraraander Hopkins reported the arrival of the Cyane, nndc-r bis 
iMtmmand, at Saliua Cruz. As soon tliereafter as possible 1 bad au interview with him at that porti 
«ud gave bim tbe necessary instructions for the survey of tbe npjier lagoon on tbe PaciHc, with 
a Tictv to asi^ertain its adaptabUity as a harbor, and far the eonstrnction of nn entrance into tbin 
lagoon from the sea, at its most available point ; the bottom of tbe lagoon to l>e examined, with n 
view to dr€<lgiug when necessiiry, and the coastline^ of tbe ocean to bn defined between Vcntosa and 
A IMiint as far east a« it uught bo practicable to go. In addition, Commander Hopkiuit was 
directed to make a survey of tbe harbor of Saliua Ornz, as tbe probable tenuinna of the caual, and 
to re[»ort upoa the character of such a breakwater as would make this a secure jiort. Altbongb 
tbis sbip, OS rejtorted to me by her oomnianding oCBcer, was short both of men and boats, it gives 
me plensni'o to state that Ibis duty was performed nitb great acenrney inid^r tbe many obstacles 
iucideiital to the climate and the country. The stirvey of tbe upper lagoon was conducted by 
Muster C. B. Gill, assisted by Master T. H. Stevens, Ensigns F. P. Gilraore, and U, Sebree. ITiese 
are all young officers, and I think that their work manifests in a marked degree the benefits of the 
high order of training bestowed upon the rising generation of naval officers by the Government. 
Liontenant Commander P. U. Cooper also made a reconnaissance of this lagoon. His reiwrt and 
that of Master Gill are annexed to the rei>ort of Commander Hopkins, and heiTWith appended, 
(uiiirked C.) 

It Lt apparent, from this survey, that tbe upper lagoon cannot be utilized for tbe purposes of a 
canal, for tbe reasons that it would require au immense amount of dredging, that the bottom is of 
a changeable character, and that no proper esit for tbe canal can be made from it upon tbe ai^acent 
eoast. 

Commander Hopkins is of the opinion that the harbor of Saliua Crnz is better adapted tliau 
any other iiointfor the canal terminus. A breakwater of some kind, the materials for the cx)nstrue- 
tiuti of which are immediately at baud, will be necessary to render it a iwrfectly secure port, I ro- 
BI)ectfully refer yon to the report of Commander Hopkins, and to the observations and deductions 
ofMr, Fuertes upon this subject. These are confirmed by my own experience. I tbiuk it needs 
but a brief visit to convince even the casual observer that a mngnifii-ent port may be made here, 
with comparatively small outlay of time or money. 

The i-e[)ort of Past Assistant Surgeon U.N. Beaumont, coneeruing tbe sanitary condition of the 
crews of tbe vessels employed surveying tbe Coatzacoalcos and adjoining rivers, (appended, and 
marital E) will be found iutei-esting. Dr. Spear Inis also made observations upon the same subject. 
Then is no doubt that there was much sickness among our officers and men in these waters; and 
vhat«ver may have been tbe primary cause, it, in my opinion, was mnch increased by the want of 
room Mid ventilation, particularly on boanl of tbe Kansas, for her crew ; and to this may be adde<l 
tlw fact tliat l>otb tbe Kansas and Mayflower left tbe Washington navy-yard at a time when dia- 
t!Bse of a similar type was prevalent there. Every care, however, was exerciswi by the command- 
ing officers of those vessels, und it is undoubtedly due to the unremitting attention of Dr. Beau- 
mont that so few cases pn)ved fatal. V • 

Captain H. A Bajtictt, of the Marine Corps, who acted as photogra^Vei', made the best use of 
the materials bo had, and overcame, with praiseworthy iwrseverance, many provoking obstacles 
tn the way of t.rans|)ortutiou, &o. A copy of pUotogmphie views are herewith trausmitteil. I am 
Itidpbted to Lieutenant Commander George C Hemey, who acted as commissary for tbe Ex|>edf- 
tiuu, iu a verj- great degree for tbe tinal success of our work. By )iis pnidi'iice, foresight, and 
S. Ks. <! :i 
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economy, onr parties were enabled to keep the field, and immense amount of work wa« i)erformed 
at comparatively trifling cost. 

The liberal provision, by the Navy Department, of officers and men, permitted me to husband 
the small appropriation made by Congress for the purposes of this survey, and thus I trust to 
accomplish the objects of the Expedition. 

It ha^s rarely been my lot to be associated with men who entered more fully into the spirit of 
their work, and who labored together more harmoniously. It was a new experience for naval offi- 
cers to live in the saddle and sleep on the ground, and yet in a few days they were old campaign- 
ers, bearing privation without a murmur, and animated only by a determination to succeed. 

The question of labor for the construction of a work of such an extent is very interesting, not 
only in an economical, but in a political point of view. 

I am decidedly of the opinion that the main body of laborers cannot be drawn from the native 
population. A liberal estimate of the inhabitants of the Isthmus will not place them above the 
number of 60,000. Out of this a force of adult males of, say 5,000, might be found willing to do the 
work of an advance guard, as canoemen upon the rivers, or muleteers in the interior. The Indians 
of Tehuantepec are industrious in their own way, handy with the "machete" or clearing-ax, honest, 
and, while at work, abstemious, but they have absolutely no idea of the value of time or money ; 
you can neither stimulate them by ambition nor excite them by the hope of reward. 

This work will have to be accomplished by imported labor. Fortunately the country itself 
offers a home to any number of emigi^ants, each one, of whom might bring his family, with the as- 
surance of finding a comfortable support in a healthy climate. In this connection I have personal 
knowledge of the fact that, in the early days of our civil war, President Lincoln contemplated set- 
tling the river-bottoms of this Isthmus with negroes from our Southern States, thus endeavoring to 
solve the problem of the black man's status by means of forced emigration. I am also cognizant of 
the fact that the Mexican government favored such a project, but the march of events at that time 
were too rapid to reduce such a scheme to practice. Now, however, the country is still there, offer- 
ing to the colored men of the South a home contiguous to their native land, easy of access, and 
probably, by consent of the Mexican government, with all of their rights as American citizens guar- 
anteed and theii; acquisitions secured. I have a letter upon this subject from an American negro, 
Mr. Wright, who has lived for twenty years upon the Uspanapa River, and in that time amassed 
quite a respectable' fortune. Ho has recently made a tour through the Southern States of the United 
States, and is emphatically of the opinion that there are many discontented men of his own race 
in that portion of our country who would willingly emigrate to Mexico if any such public work 
should be undertaken, and if they might live there for a term of years, at least, under treaty pro- 
tection. 

I do not offer this idea as a complete solution of the labor question, but as by no means an 
unimportant element, and as a nucleus around which might rally the political and religious ideaa 
>;ehich in the course of time must pervade that Isthmus, through which an American canal is to 
pass. 

The main body of laborers, however, would probably have to come from China. Fortunately 
the Isthmus pre^sents every inducement to the Chinaman — streams overflowing with fish, and 
plains abounding with cattle ; but particularly a scanty population, leaving thousands of acres of 
fertile land to be cultivated, in a congenial climate, and with no obstacles or prejudices in the way 
of his religious, social, or industrial ideas. 

It is easy to imagine this land, now so desolate and deserted, peopled by Chinese on the south- 
em slope and by negroes on the northern ; teeming with the products of every climate, and enliv- 
ened by human industry from the Atlantic to the Pacific. 

The political condition of this part of Mexico must have such an important bearing upon any 
public work undertaken there, that I consider it pertinent to this report to call your attention 
to it. 

The greater part of a canal, as well as its most costly portion, must pass through the State of 
Oaxaca. This State has been for years in a condition of revolution and internecine strife, resulting 
at present in irreconcilable geographic divisions, in political " partidos," whose governing motives 
are revenge, in insecurity for life and property, and lastly, as most significant for ourselves, in dis- 
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trost and dislike for e%-pry foreign elemput, however apparent it miiy be tbut tli© idtroduotion of 
tbiit olcuieut cau alone bring peace and develop tbo t'esonrces of tlie country. In tbo stipprcfiKion 
of tliese revolutjoiis by the State atithoritieH, civil law Beems to li*" held in abeyance, and tlio Ufo 
and property of every individual is subject to the caprice of the military commandaut. Thus » 
lo<:al and irresponsible despotism exists, dangerous alike to the native and the foreigner. It can 
scarcely be conceived that in a country professing to be a republic, contiguous to ouruvrn borders, 
and in the nineteenth centuiy, ench a state of things can be, and yet this is apparent to the most 
casual observer. He who reads as he rides over this iRthuiiis, learns, with profound regret, that 
through this system of terrorism, a land rich in nauind resources furnishes but a ftcanty living 
for a sparse population, and that tbo inhabitants are daily becoming more debased, ignorant, and 
imbecile. The causes for this state of things are uiauifold; first, jKrhnps, is the fact that the large 
majority of the population are Indians, preserving the language and the custouis of their aneen- 
tors with wonderl'nl pertinacity, and inheriting their feuds intensified by time. No efforts are 
■ being made by the government tj> edneate them oat of their primitive barbarism, and while they 
have nominally conterred upon them the privileges of citizenship, they remaiu the verie-st slaves to 
anlhority, whether legsd or uauriwd. They are impressed as soldiersby any armed force, eomijelled 
to fight, ami, if ciiught, shot without mercy. Thus, with life and property liable at any moment to 
forfeiture, added to apathy, natural to the nice, they have no motive for the acquisition of wealth, 
no ambition for the cultivation of the higher quaUties of humauily. From year to year their 
degradation is becomhig more and more complete. 

Ont of a population of, say fifty tbonsand, the number of people in the vicinity of whose towns 
A canal or railroad would pass, some four or five hundred are white men, " gente de rajton," as they 
coflceitedly style thenisielves. These are the "raneheros" in the country and the ehop-kee[>ers in 
the villages; they form the ready iustruments of designing leaders, to collect the Indians and steal 
the horses, and make " pronunciamientos." Ignorant, immoral, bating iuuovations, reveugetVil, them 
form the real impediments to progress — the willing tools in the initiation of civil war nnil 
anarchy. 

The foreigners, or " strangers," as they are ealletl, whatever the length of residence or amount 
of peetiniary iiiterest in the country may be, have esercised a eonsiderablo inlluenee upon (hu 
commensal status of tlie IstUmua, but their lives never seem to be safe from assault or tlieir 
property from confiscation. The "so-called "Americans have added lo the opprobrium of tlie Ameri* 
eau name by presenting claims against the n'public to the "luiscd coiumissioii" in Washington, 
ontnigous in amount, and many of tbeni false in jHiint of fact. This course, on their part, has been 
seized n[)ou by the local authorities to add fncl to the Dauic of popular dislike to fomgners of 
whatever nationality. 

Again, the geographical divisions of the State stand in the way of political harmony. The 
capital, Ooxaca, is situated in the heart of a mountainous and inland district, while the city of 
Tehuantcpec and the contiguous towns lie upon the Pacific plains, at^acent to the ocean, Tehuan- 
tepec being the oidy port of entry for the State. The consequence is, that in a country where inter 
«'ommunication is so diflicult, the interests are not only antagonistic, but the unlagoulsm is veiy 
much exaggerated. The people of the plains complain that all the employ6» of the government 
come from the Uasaca district, while all the revenue collected goes to the same jmint. 

Lastly, tlie right of the State government to make war njion its own citizens, to raise troops 
ami to levy tases for war puriwHes, irrespective of the federal authorities, is a cjmstant source of 
n-volution and disnnlcr, as well as of abuse of power by iri^esiHinsiblo nilers. In a late revobition 
in Jncbitan, while we were upon the Isthmus, that town, one of the most flourishing in the country, 
was destroyed, (a thousand houses being burned,) nnd its iieople either shot or driven into exile, 
and 1hii<i while the ledcral troops and civil anthorities remained inactive and inert. Sue-h an excrn* 
plificution of "State-rights'' operiites ina way to nullify the wi.se and lihend policy which the federal 
gnvemmcut seems desii'ouH to inaiigurale. 

Owing to these and other cunses, the southern and central portion of the Isthmus presents 
nothing but stagnation in husluess, distnist and animosity between neighboring towns, insei^'urity 
Ibr hfe and pmperly, disnA'etUiuii against the government, and indtvd an entire abwnee of all tbo 
cltuuents which coustitute the public and private happiness of a ])eople. .ludging from the jiast, 
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Upon this questiou of cost, I would reduce tbe dimensions of the canal until the original outlay 
would form the basis of a permanent and remunerative investment, because I Iwlieve that the 
financial success of the i>roject will depend upon our domestic trade, and not upon the general 
commerce of the world. In other words, I would make the Tehuantepec Canal bear the same 
relation to the trade of the United States that the Erie Canal does to the State of Xew York. In 
a few jears it will have tended as much to the aggrandizement of the whole country as that canal 
has to the '* Empire State.'' 

On the 27th April, 1871, the Expedition left Mexico, and 25th May arrived in W.ishingtou 
with the results of our labor, which are herewith respectfully submitted by 
Tour most obedient servant, 

11. W. SnUFELDT, 
Captain Commanding T€huant€j)cc and Nicaragua ISurveying ExjHidition. 

Hon. George M. Eobeson, 

Secretary of the Navy, Washington^ D, C, 
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HeADQTJABTEBS TEnUANTEPEC AND NICARAGUA Sl'RVEYING EXPEDITIOX, 

Stamford^ ConnectU-ut^ Au{fuxt 27, 1871. 

Sm : I have the honor to submit the following report of the work executed on the Isthnius of 
Tehuantepec : 

This report is divided into two i)art.s and an appendix. 

The first part contains a summary of the results obtained with reference to the ship-canal, its 
feeders^ and harbors. 

The second part contains an abstract of the oi»erations iK*i'fonned in the field, and a dis^Mission 
showing the impracticability of joining the Chicapa and Ostuta IJiv* rs, as pro|M»s4'd by Si;;. (.'. 
3Ioro. This part also furnishes the data which proves that the summit western streams are nn 
available for canal-feeders. 

In the appendix many tables and data will l>e found, to be used as rcfiTcnces in the study of 
this project. 

S. Ex. G 1 I 



PART L 

ElPiSiiuiou.^ ^^"^ ^* 1^ ^' ^-y 0^ t^® 1^^^ ^^ October, 1870, the Tehauntepec and Nicaragua Siu'vey- 

iug Expedition sailed from tlie city of Washington, bound for Mexico, its object being 
to determine, in the most absolute manner, if it was practicable to construct a ship- 
canal across the Isthmus of Tehauntepec. 

Instructions. My instructions from you were to the effect that I was to leave aside all questions 

appertaining to the politico-economical bearings of the problem; and my mission was 
technically circumscribed to the scientific and engineering conditions of the project. 
Further, after consultation, the following plan was adopted and made a part of your 
instructions to me : I was to declare the project impracticable if I should find deficiency 

wimt would of water; tunneling in the ship's transit; excessive cutting; and either unsafe or ex- 
imprLi^cabiT*^ traordiuarily difficidt harbors at either terminus of the route. 

Any scheme contemplating to feed the canal from other than natural sources of 
supply, should be considered impracticable ; though in the case of failing to obtain a 
natural supply, studies and calculations might be made, in order to expose the degree 
of difficulties to be encoimtered in obtaining an artificial supply by means of collecting 
reservoirs and pumping. 

conditiona for Oil tlic othcr hand, if the solution of this problem should present no extraordinary 

Its practicability. ,.«„,. , , , , , , , . t ^, -i. i. « 

difficulties, or obstacles that could not be overcome with the ordinary appliances of 
engineering skill in its present state of develoi)inent, 1 shoukl declare the project prac- 
ticable, unless the expense to be incuned in its construction should api>ear paljiably 
incommensurable with the importance of the undertaking. 
Why tho pro- The data obtained from our explorations and surveys prove that a ship-canal is 

practicable. practicable ou the Isthmus of Tehauntepec, because the difficulties to be encountered 

in its construction are of the ordinary type, or such as are inherent to works of a simi- 
lar nature, with the difference that they will be met on a larger scale. This fact is due 
to the assumed dimensions of the canal, and is inherent to the conception of the 
project, in whatever part of the world it might be located. 
A ••tiirouph- The nature of the Isthmus of Tehauntepec makes it impossible to construct across 

i"actic3. *™' it a " through-cut " canal. The use of locks becomes indispensiible in order to reach 

^Lowest summit ^^^^ smumitheight at Tarifa. This point is the lowest and most available pass in the 

mountains traversing the Isthmus from east to west. 
KJovatipn of Its true mean elevation above the Pacific Ocean is 754.4 feet, as given by the spirit- 
level. This height can be easily diminished to 732 feet by a cut 22 feet in depth ou 
the Tarifa Pass. In this manner, the summit-reach of the canal will have the same ele- 
vation as the Tarifa River, upon the point at which the summit level will be fed with 
water, 
roint of cm- The only point from which the canal can be ft^dis from the Upper Coatzacoaleos or 

H^tV-m"* "^ *^'*'' Corte River, near its junction with the Blanco, at the point marked "A" in map No. 2. 

c«?rti!iiiltr^*^^^'' At this place the Corte delivers 1,G18 cubic feet oi" water per second, and the surface of 

the water in the dryest season is OGO feet above the ocean, or 72 feet below the summit- 
level of the canal, 
iifigbt of tho Three miles up stream from this point the Coite's waters ascend to tho suinmit- 

level height. 
T). livf r>of tJio The river Blanco yields 120 cubic feet per second, and is 4 i'vut above the summit at 
'''iS;iki''o?'tbo the point marked "B> The banks and bed of the Corte at ''A," (map No. 2,) are of 
CurttandDiauco. ^j^^,^ ^ocks, feldspar, and granite. The direction of the stream, width of its bed, whicli 

is free from gravel, and the topogiaphical features of the locality, are admirably con- 
stituted for the erection of a dam. The materials are at hand and of the most durable 
nature. 
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It is proposed to construct a (lain on the Corte of suitable strength, 122 feet in Dam at tho 

Cortc 

length at the lip, and 80 in height, ininiediately below the point marked ^'A'^ in map 
No. 2. 

At this place there is a strong depression or pass in the ridge separating the Corte Riancor.in8. 
and Blanco Kivers, between ^'A" and "!>.'' Taking into account the fall or head tobetwcrVth« corto 
given to the feeder, the horizontal distance between the Corte and J>lanco is l,7.jOfeet, i:xoa"vntii.n of 
and the height of the pass above the feediT will be 257 feet. In order to turn the '*"*^'' "*** 
water of the Corte into the feeder, on the Blanco Valley, it will be necessary to exca- 
vate less than 400,000 cubic yards upon the ridge which separates the Corte and 
Blanco Valleys. This excavation will just su|)ply the material for the Corte dam, the 
(hun at the Blanco, and the inlet chambers, and the revetment wall of the feeder at the 
Blanco dam. 

Two thousand feet below "B,-' a dam 10 feet high must be erected on the Blanco. Dam at the 
The river- l>ed is here 1.'30 feet wide, though the river itself is hardly 20 feet across. The 
dam, however, will have to be built 1 10 f(»et long. Eighty feet of this length will be 
reserved for the Blanco, and whatevi^r sur[)lus waters may fail to pass through the 
gates and weirs of the Corte in tinn^ of Hoods. 

The balance of the length of J^lanco dam will be used for the feebler. 

This dam will be pierced by the ieed(^r-chand)er, provided with regulating How- gates, Fccirr • i.am- 
and the waters of the feeder will thus run across the left end of the dam. and between «ianL 
the left bank of the Blanco and a wall buttressing the dam and dividing the waters of 
the feeder and the Blanco Kiver. 

This buttrej^ing and dividing wall will not be more tlian 300 feet in length, and Pi«>t««rtion «.f 

• • f c i' il c r I r u lu 

from this point forward the feeder will run through a side cutting, and entirely abov^MUHHU 
the reiich of the heaviest Hoods. A few hundred feet below the dam a series of falls 
occur, which make it impossible for extraordinary floods to reach the feeder. 

In map No. 2, all the black dotted lines show the lines and country (explored. All ('.mviniionai 
the continuous black lines show the lines levelled and surveyed with the transit. ^\"'^"'*' 
hea\'>' double line shows the approximate location of the leeder. 

Tho waters of the Blanco, Maxiponac, Capepac, Coyolapa, Escolapa. IMta, Chichi- Avnihibv wa- 
hua, Pericon, Otato (and, if necessary, the Cocpiipac) Kivers can be utilized to fecMl inir.MiiVi.vjnali^ 
the Pacific side-levels, furnishing jointly about 495 cubic feet of water per second, corte" " 
The Corte llivox will snpi)ly any delicit that may occur at the summit for the J^u*ifi<*ihIX"uuS^^ 
side an<l the upper reaches of the Atlantic side. Water can never Ix* wanting for thelueAUamiclidcf 
summit, iKJcause only the Pacific phiins will draw heavily from it ; while on the Atlan- 
tic side not less than 30,000 cubic feet How into the Coatzacoalcos, betwetMi the Almo- 
loya and Uspanapa Kivers. This amount is delivered by the Almohna, ^lalatengo, 
Sarabia, Jumuapa, Jaltepec, Chalchijalpa, Naranjo, Coachapa, and Uspanai)a Kiv<»rs, 
and many other small streams. All the rivers are distributed along the shores of the 
Coatzacoalcos, at very suitable distances from each other. 

The general estimates for watersui)])ly made in the secjuel, call for 1,018 cubi<* feet Amount ..r wa. 
]>er strond, a« the amount reifuired to work the whole canal, under the exacting sui)-}|jy.^VhJ.yr'^i'ia'i!^ 
IM)sition that it is to be fed exclusively trom the summit. 

The available summit streams were gauged at the height of a remarkablv drv sea- i»'^>.^'r.v «.ftiip 
son, and found to yield jointly 2,113 cubic feet ; so that, strictly sjieaking, lO.") mbic teet «»q>i"» ^*at^I. 
l)er second will have to bo dis])osed of by means of wast<^- weirs from the very summit, 
in the dryest season, and supposing an extravagant (»xpen<litur(» of water. 

Since a large portion of the water bnmglit to the summit is to bi* us<*d on the Pacitic si.uum ..r nm 
side- slope, this fact might lead to the supptKsit ion that the Coatzacoalcos would h^se 'AVpnixrin a i « 
thereby its present importance as a large river. This objection is met thus: Abr(»ast I\,aiILvKiiroH*!a 
of Minatitlau the cross-section of the river has an area of .'JI.llOO .^ipian* feet, a lul ^* "''""''"' 
though the velocity of its current, is always nH)re than l.(i i'vi't |K*r second, even taking 
it at one foot i)er second, this would give nearly :52,()00 cubict feet of water ])er second, 
as the delivery of the river. One-twentieth of this amount is taken for canal purposc^s^ 
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and is obtained near its source, and before any of its large tributaries swell the mighty 
volume of the river. While the diminution occasioned by subtracting so small a vol- 
ume from the river will be less perceptible than the fluctuations produced by small 
freshets, this small amount Mill be sufficient to supply one-half of the canal necessi- 
ties, and to irrigate the sterile lands of the Pacific plains, where the indigo culture 
languishes for want of water. Besides, when the canal shall have been built, the val- 
ley of the Ooatzacoalcos will assume its commercial and political importance. At 
present it is valueless, and the river can hardly be ascended as far as Suchil in Indian 
canoes. 
Feeder-route. Having demonstrated that there is an abundant supply of water to feed the summit- 

level and the wiiole canal, I will now proceed to describe the feeder-route, and the 
practicability of bringing the water to the summit. The feeder-route is divided into five 
sections. 
First .livision; First division, — After leaving the point marked " B," in map No. 2, the feeder will 
escnp lou. foUow the left bank of the Blanco and Corte Rivers, until it reaches station 395, on the 
Capepac River. The whole of this division will be in side-cut^ngs, with very little fill- 
ing, and only three inconsiderable full cuts. (See profiles Nos. 1 and 2.) The ground 
was exi)lored at the points marked with dotted lines. The topography is accurately 
sketched. 
streams cross- The most important stream crossed is the Maxiponac, (Sardine Brook,) insignificant 
Nature of the as to volumc, aud remarkable for the number of its beautiful falls. Sand-stones and 
^^Ti^Sgih of first clay are abundant, feldspars crop out in many spurs, and the excavations will be diffi- 
division. ^^1^ .^jj^ expensive. The approximate length of this division, including the Blanco 

Cut, is four and one eighth (4^) miles. 
Second division; Secoud Division. — From the Capepac, (Reed Brook,) the feeder will commence at 
TqmiiSSt. Lemon Ridge, at the proper grade ; and following the Capepac Valley on the left bank 
^streams cross- ^^ j^g wcstem branch, it will extend nearly to its head- waters ; 227 feet above the bed 
Feeder-tunnoi. ^^ ^j^^ Capepac, it wiU 1)0 ucccssary to construct an aqueduct about 1,200 feet long, con- 
necting the Lemon and DeviPs Ridges. The western portion of this division ends at 
the gap which forms the water- shed divide of the Milagro and Capepac Rivers. Mid- 
way between their sources, and at right-angles with their direction, flows the Sona-pac, 
(Lemon Brook,) traversing the divide, and having its source at Clift' Ridge. The bed 
ef the Sona-pac is 118 feet above the summit ; and the width of the gap is 4,150 feet at 
the grade ; therefore a tunnel of that length becomes here indispensable. 
Nature of soil. The nature of the soil is sandstones at the Lemon ridge, clay and slates in the 

upper branch of the Capepac, and marbles at the tunnel. The length of this division 
is one and a third miles, including the tunnel and the aqueduct. This will be the most 
expensive portion of the whole rout-e. 
Third division; Third divviiou, — This division extends from the tunnel, near the source of the Mila- 
descriptioD. gj^^ ^ ^|j^ sccoud ford of tlic rivcr Pitii, (Hemp River.) It follows the left bank of 
the Milagro on the lap of the main range, which extends from Clifl' Ridge to Tarifa. 

When abreast of the town of Santa Maria, the feeder, whose general direction has 
been from east to west, turns now to the southwest, to escape the lowlands of the Chi- 
malapa Potrero, (or flat lands,) searching for the .lowest pass between the Chocolate 
Hill and the Sierra Madre. Since this pass is 1(50 feet above the summit-level, another 
tunnel will be<;ome necessary at this point. (See profile No. 2.) Its length will be 
streim8"criM- 3,«'>i>0 fcct. Thc strcams crossed by this division are a few very insignificant brooklets 
in the eastern end. The Coqui-pac, (Bhick River,) I believe, can be turned into the 
feeder without difficulty, by simply connecting a small dam and a waste- weir. Its 
floods are said to be inconsiderjible, even when other rivers are much swollen ; and 
this looks plausible on account of the small area it drains. After passing the Choco- 
late Hill, the feeder will encounter a sort of corrugated soil, forming the bed of many 
little streams, tributaries of the Coyolapa, (Second River,) and Escolapa, (First River;) 
but they do not complicate the difficulties of the feeder-route. Thc Cuchara (Spoon- 
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brook) 18 passed uear its source. This division euds at the Pitii, whose wat<?rs have the Nature of soU. 
same height as the summit-level. The excavatious of the eastern part of this division 
are in compact limestones and clays. Drift and shales are found in the Chimahipa 
Potrero, plastic chiy on the Chocolate tunnel, and drift and clay in the western termi- 
nus of this division. The length of this division will be eleven and thr'ee-eighths 
miles. 

Fourth division. — North of the town of San Miguel the main chain of mountains Fonrthaivision; 
sends northward a heavy spur, which, ending at Santa Maria, turned the Corte from '^*^*^"p*^**°- 
its western descent and sent it northward. We have named this spur tin* Gofradia 
Eange. It is solid, and uninterrui)tedly high throughout its length, with but two 
exceptions, at the mouth of the Escolapa and at the Pita Brook. Even beyond the 
Corte, this range lifts again the last of its many heads, as a huge cone, which Indian 
wit has named the *' Runt." I will now explain how this range is traversed by the 
feeder. 

The Corte at Santa Maria is 373 feet below the summit. The Pita, which crosses the 
Cofradia Range, is at the summit-height, and is, besides, a tributary to the Corte fifteen 
miles below Santa Maria; therefore, by following the Pita Valley, we can cross the 
Cofhidia Range below the summit-grade, since the Pita runs below this grade. The 
Chichihua, west of Cofradia Range, was found 71 feet below the summit, at the point 
marked Q, and the Pericon is GO feet above, at the point crossed by the transit line; 
heuce, the feeder must be located about half-way between these last i)oints. The 
whole route of this division is easily excavated, and consists of clay at the Pita Brook, 
sandstones in the valley formed across the Cofradia Range, and humus and loose earth 
in the potrerbs of Chichihua. The length of this division is eight and three-eighths 
miles. 

Fifth division. — This division comprehends the tunnel from the Otate River to 
Tarifa Plains. 

The only important features of this division is the length of the tunnel, but the Fourth tnnnci. 
excavations can be easily and cheaply made, the ground being very soft. The exca- 
vations need not exceed 205,000 cubic yards. 

The following table contains a condensed statement of the important features of 
the feeder : 



Nature of ttoiL 



Fifth diviwon. 



I 



Number of divinions. 



Limits of divinions. 



I Lrngtli of 
, divisions. 



Division No. 1 From Corto to Capcpac ' 4^ mih-s . . 

Division No. 2 From Capcpac to Cliflf ; ig miles ^ 

Division No. 3 From Cliff to Titu ' 1 Ij} miles. . 

Division No. 4 ! From Pita to Sieira Blanca. . I 8g miles . . 

Sierra Blanca Tunnel 2 miles . . 



Division No. 5 



Totallength of feeder 27i miles. 



llemarks. 



I tunnel I,7r>() feet lon«x. 

1 tunnel l.iriO feet lon<:. 
1 aqueduet l.'iOO fe<*J lonir. 

I timnel 'ASkA) fe<'t lonjr. 

Onlv 3 miles lieavv cuttin;:. 

1 tunnel •),«'*.'» feet km;;. 

J<»int len;j;th of all the tun- 
nels --:^.r>l miles. 



DDklENSIONS OF THE (^ANAL — ITS FEEDEKS AND LOCKS. 

Calculatians for tlw water -supply^ and best form of croas-stctionfi to he (jircn to the artificial 

tcater-eoumcH. 



The leiiffth of the canal proper will be about one hundred and Ibrtv-fonr mih»s Irom i'<"Kth of tho 

** ■ *^ " eanal. 

the harbor at Salina Cruz to the island of Tacjunicluipn on the ('oatzacoulcos Kivt^r. , Lenmh of tiin 

Paeitie nrancli or 

Fifty-two miles of this length will form the desccMiding branch tVoin Tarifa to the Pacific, theeanai. 

Loek-tli "'IiIh. 

With the exception of Tarifa Pass, there will be no necessity for using lock flights, and 
even here, every reach may hold two full lock-lengths, and enough development can be 
found on the hill-side to avoid the groui»ing of more than two locks at a Hight. 
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Tlic iliiuensioiJS proiiosed for the caual are: 

Feet. 

Transverse tU- Top-brcadtll 1G2 

meusiomi. ,^ . . , -. , 

Bottom broad th 60 

Depth of water 22 

And for the locks : 

Lock ciimou- Leiii'th botweeii miter-sills 320 

aious. ^ 

Breadth 42 

Depth of water 21 

Depth of prism of lift 10. 14 

I should recjommend double locks; but the estimates that follovr suppose each 
lock su])divided by ^ates aflbrding respectively 130, 218, and 320 feet of lockage length. 

It is extreuiely dillicult, nay, impossible, to determine the amount of water required 
to feed a canal unless the condition and nature of its trade are known. This is espe- 
cially the case when the transit has to be efiected through an undeveloped country, 
under very anomalous imlitical, social, industrial, and economical conditions. 1 do not 
feel justified in using the custom commercial statistics before me of the probable com- 
merce that may seek this channel, because for my purpose I have no confidence in 
them, and no good reason to su[i|)ose that this manner of guessing is more rational 
than any other one, so long as any guessing element enters into the problem. I believe 
that, through this canal, an immense impetus will be given to the commerce of our 
Pacific States; that the politico-economical laws of our development demand its 
immediate construction ; that the length of many trading channels will be shortened, 
and that the capital now eliminated through losses of money, time, and deterioration 
of merchandise, will be redeemed, and made useful in its apidication to cheapen pro- 
duce and increase trade; but I also believe that the data required to estimate upon 
the nature of the Tehuantepec Canal trade for water-supply puq)oses can only be 
approximated after long study and diligent research of uncollected trade statistics at 
home and abroad, requiring a length of time made impracticable by the nature of our 
Expedition. 

The following table will explain the necessity of knowing the amount of trade to 
estimate the water-supply : 



On level stretches if— 

Tho vessel is tlescoiulinj: r 
from tho summit. ( 

Tho vessel is a.wcmlinjf toC 
tho summit. < 


And fluds the 
locks- 


Tho vessel will draw from 
tho summit- 


And consequently 
will leave the 
locks — 


Full 


No wator 


Empty. 
Empty. 
Full. 
Full. 


Empty 

Full 

Kmi)ty 


One lock full 


Ono lock full 


Ono lock full 




On a flight of locks if— 


And finds tho 
locks — 


The vessel will draw from 
the summit- 


And will leave all 
the locks — 


Tho vessel is deseendiii" r 


Full 


No water 


Empty. 
Empty. 
FulL 
FulL 


from the summit. ) 

Tho vessel is asicmlin;^ to ^ 

the summit. ^ 


Empty 

Full 


OneliK'k full 


One hxk full 


Empty 


As many locks full as there 
arc contiguous chambers. 



Basis of caicu. Although the estimates made are based upon a trade of about twenty thousand tons 
Bupp/y. °^ ^* ^^ crossing the summit daily, they have been made under conditions so exaggerated, that 

I believe under ordinary circumstances this canal can accommodate thirty thousand 

(30,000) tons daily. 
huuou.'^^^ *^''*'"' 1 have also distributed the canal trade among small vessels, which will consume a 

large lockage in proportion to their tonnage, thus : 120 lockages, of 170 feet length, for 
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vessels of 200 tons and iiiuler ; 20 lockages, of 218 foot length, for vessels of 500 tons; 
5 lockages, of 320 feet length, for vessc»ls of 1,000 tons. These eoiulitions will re- 
quire RiH^cial machinery to attend to the rapid demands upon the gates. 

The lockage-water for the whole canal will then be expressed by wat^rroqnir.'4i 

for l(K;kairi*. 

42^X10^.14 [170x l20 +218 x20 +:?20xr)] 

24''«x(>0"'x00« =^ -140.J4 

cubic feet per secoiul. 

Referring to the nieterologieal chart, it will be seen that the mean daily evaporation 
on the sunimitplains does not exceed the 0.10 of an inch. 

It is customary among French engineers to allow in temperate latitudes from three- 
fourths of a millimeter to two millimeters, while American and English engineers use 
one-fourth of an inch, as the depth lost by evaporation in twenty-four hours. I>ut we 
were on the Isthmus at the only senson of the year in which it does not rain fn»<|uently, 
and the evaporation is never so high as when the ol)servations were taken ; therefore I 
have adopted O.OIG foot per twenty four hours as the basis for calculation, this being 
the mean amount observed. 

lA'Ugth of canal, 144 miles 700, 320 feet. 

Breadth 102 fett. 

Area of surface 123, 171, S40s<|nare feet. 

Depth of daily evaporation <). 010 of a foot. 

Total evaporation in twenty four hours 1, 070, 740 cubic fe(»t. 

Amount of evaporation per second 23 cubic feet, to Hiippiy Vvapll 

ratlou. 

The losses by fdtration d(?pend upon the nature of the soil, workmanship, and acci- 
dents that cannot be foreseen. Experiments made in the canals of Du ^lidi, (livors, 
Briare, and Bourgogue, and from experiments extending over on(» nuHith at Weyne- 
l)ort, and in the Palmyra and Clyde levels, I feel safe in adopting S, OOO cubic feet per 
second per mile as the losses from nitrations. Taking into account the incn*ase wet 
l)erimeter of this canal, calculations give S07 cubic feet i)er second as the total amount 
of filtration throughout the length of the canal. 

The water lost through any gat<» is replaced by the loss from the upper gate, and this j^,^^ i,^ fl|. 
same source of waste can be traced to the summit-level. ^I. Minaiil makes them *'"*"'"• 
equivalent to 0.13 feet per second. 

I will admit for gate-leakage 0.30 cubic feet per second. The K)sses through waste- oair i.akaj;«. 
weirs are equally uncertain, though they are unnecessiuy. If ca.st-irongate.sare n.sed 
throughout, and i)roi>erly caretl for, lock and weir wastes can be reduce<l to a minimum. 
I have allowed for weirs two cubic feet per second. 

The feeder will experience los.si*s by tiltration, evaporation, and at the weirs. The wiiriiw^n. 
Saint Prive feeder (20,000 feet long) loses three-fourths of its water; whih* the feedi'r 
of Boulet, which is 50,000 feet in length, h»aks four- fifths of the volume ft rec-eive.s. 
These fee<lers are under comparatively unfavoralile circumstances, wliih? the nature of 
the soil of our feeder is well calculated to prevent tiltration. I have supposi'd that 
the losses under this head will amount to .ViO cubic feet per second, or more than three Fwat-rin^-s. 
times the lockage-water necessiiry for the whole (tanal. 

Total amount of icater required to suppli/ the shlpcttnnJ. 

For lockages 1 10. 01 cubic feet per second. Ti.i.iI u.it. r r.' 

lor evaporation 23. 00 culne leer ik r second, tn. ranai. 

For tiltration '"^OiJ. oo culiic feet p«'r MM-ond. 

Ykw leakage at gates o. ;Ji cubic fi*ct jicr s<-coniI. 

For leakage at weirs 2. oo cubic fiM-t per se<-oiid. 

For feeder losses "mO. oo cubic feet per >econd. 

For the whole canal 1* Ol-^^. 2.3 cubic I'cct per second. 
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Transverse sec- Best foriu of trausverse section for the feeder, in order to deliver at the summit, 

tion for tho arti- -^ r*-, n % • ^ i.* «./«^»/. - 

flciai water. say 1,618 cubic feet per second, with a velocity of 2.7 feet per second — 

coarses. 

1 PI a 

^-^-=590.20 square feet = are^ of transverse section. 

The angle of slope can be safely assumed at 400; hence the sought depth of water 
in the feeder will be — 



Leoctli of feed* 



Leoct 
er, S7f n 



miles. 



/5y9.2« sin 4()o .^^««^ .. ^ . . 
y~2~' ^cos 40 =1^-^^ ^^^ depth of water; 

also, 

599.2G — 17.GC8 cos 40o = 12.8G2 feet, breadth of bottom. 

The absolute slope 21—053 feet 

And upi)er breadth 54 — 98 feet. 

To find the fall or head necessary to be given to the feeder to deliver the required 
amount of water, with the given velocity at Tarifa, the formula is — 

7* = C -p- X 2^ Weisbach, volume I, page 446. 

Where 7t=fall required 

Where i=length of feebler =144,000 feet. 



Feeder-head. 

Comparative 
data. 



Where i9=the wet perimeter=12.8G2+2^17.668^+^ ^^'^^^''"^^'^^^ y =68.67 feet. 

Where F = transverse section = 599.26 square feet. 

Where c=the given velocity = 2.70 feet. 

Where (/= the acceleration of gravity = 32.20 feet. 

Substituting above, we find — 

/i = 13.97 = fall of the feeder that will fulfill the conditions. 

The following table establishes a comparison between the water dimensions and 
water-supply estimates of the Caledonian Canal ; the ship-canal proposed through the 
Isthmus of Panama by the engineer-iu-chief of the Royal Corps of Miners, Paris, 1841; 
the Albany and Kew Baltimore Ship-Canal, proposed by William I. McAlpine, A. M. 
S. of C. E., Albany, 1853, and the estimates made for the Tehuantepec Ship-Canal: 



Designation. 



Panama. 



Lcngtli of canal 

Brcadtli of canal at water level 

Breadth of canal at trench bottom 

Depth of water in canal 

Lock -length l)etwcen miter-sills 

TA)ck-brc^adth 

Lock-depth 

Estimated trndo per day 

Estimated supply for lockage, in cubic 
feet, per second. 

Estimated evaporation, gate, and leak- 
ago losses, cubic feet, per second. 

Estimated filtration, cubic feet, per 
second. 

Total supply, estimated iu cubic feet.. 



\1\ miles. 
148 feet . . . 

CC feet . . . 

23 feet . . . 
210 foet . . . 

47 feet . . . 



5,000 tons . . . 
25, 148 

0.4C2 

62,2-24 

87,834 



Caledonian. 



25 miles 
122 feet . 

50 feet. 

20 f043t . 
172 feet 

40 feet 



\ . , 



Albany. 

12^ miles 

120 feet 

50 feet 

2feet 

115 to 300 feet. 

31 foet 

20(?)feet.... 

10,0C0 tons 

9».ll 

42.33 

84.78 
225.22 



Tehuantepec. 



122 miles. 
162 feet 

60 foet 

22 feet. 
170 to 320 feet. 

42 feet 

21 feet 
20,000 tons. 

146.94 

22.31 

1,446.00 

i,6iaoo 



Study of tho lo- It will bc wcll to Say, before proceeding to the description of the canal-route, that 
imSuc briSch^ofthe main efforts of the Expedition were dedicated to its immediate object, viz, to de- 
the canal. termiuc the practicability of the canal. Considerable time wa« spent in summit explo- 

rations and in testing the feasibility of projects previously proposed. Disappointment 
met us everywhere ; and when at last the feeder-route and its water-supply were dis- 
covered, the season was so far advanced that it was impossible to extend our level 
lines to the Atlantic side, and locate the north branch of the canal. However, the 
ground has been thoroughly explored, the work previously performed for railroad and 
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other purposes, and tlio profile .and i)]ana obtjuncd from the studies of Barnnrd, Si- 
dell, Orbegozo, and others, eoupkd ^vith our own observations, enable nie to assert 
with confidence, that below the eonfiaenc(^ of the Malaten^o there is no obstacle what- 
ever in the way of the canal. The broad Coatzaeoal<;os Valley has room enou«^h, an<l 
is flat for a long distance on either side of its Thalweg. 

The soil at Tarifa is impermeable, and the feeder will deliver its waters dircetlv, niHv.r>'t'ij.i»f 
upon the phiins. 

A crescent-shai)ed lake will be formed, which, owing to the nature of the ground, xarifa Lako. 
will retain its waters at all points, except at the Tarifa River. At this point, w here 
the soil drains naturally to the Atlantic, the north summit-gate will be excavated. 

The Pacific summit-gate will be twenty-two feet lower than the lowest point of rftiifu- ci«i of 

. , »n • • '11 /. -I t 1 t no Summit 

the Tanta Pass. The houses now at Tarila wdl lorm a peiiinsula, where storehouses, la-aiu. 

rejjair-shops, &c., will be built. 

From Tarifa the first level will start northward. Atijiiiti.omiof 

From barometric observations behind the Cami)anario Hill, as well as on account of rJath.' ""'"" 

the grade of the Tarifa River, it aiipears that there will be required nine locks between iHiwIrn ^liiijlhi' 

the summit and the point of confiuenee of Chichihua and Tarila Rivers, or one lock per K^Vril"^ ^""*'' 

mile. 

From this point to Mal-paso, below li'io Chico, the bed of the Chichihua has a small , Apun.ximato 

slope, which necessarily widens the distance b(»tween the locks. Then the canal will"<»itii biumii t.r 

ClII'll 

run along the valley of the Coatzacoalcos, as shown in map ^o. 1. 

Twentv-ono miles above Rio Chico, the Coatzacoalcos falls only three hundred and 
8ixty-threi», feet in more than one hundred and forty miles of river-course. This fact, 
together with the already large size of the Cortc at Rio Chico, guarantees a conven- 
ient distribution of the locks. 

On the Pacific side it is necessarv to descend with sixtv-three locks from the racinc suio 
summit to Lsi Venta de Chicapa, and this must be done in eight niilis; the length **"*' 
of development required for one flight will be 1:0,100 feet, while the amount furnished 
by the ground is 42,240 feet, or, as I have said bt^fore, no mor<» than tv.'o locks need be 
grouped in flights. Beyond this point, eight locks will be used in a horizontal dis- 
tance of forty -seven miles. 

It will be seen, by comparing jointly the several profiles of the Pacifir* ])lains, that ranai rmi«mk. 
in some places embankments will be required to elevate the surface of the canal to"""*"* 
its i>i'oiK»r grade. 

Profile No. o shows the low range of hills at the Salina Cruz point, but the stiutiummost 
]>rominent elevation seen near the ocean ciin be overcf)ine by an insignificant cut, '^'*"*''*^"* *"""*• 
IxH'ause the level line was nui upon a ridge, which is at least fifty feet higher than 
the small valley upon whose western ridge tlu' load has been built. 

I have been unable to obtain a copy of the inofile made by Orbegozo, between the 
Tarifa Pass to the Upper Lagoon, by way of l^a Venta de Chieai)a ; but from recollec- 
ti«m, and notes entered in ujy jorirnal when 1 examined these protiles, 1 have no 
manner of doubt in stathig that the gr<mnd descends verv unitormlv from La Venta coiin^rnnition 
to the Liigoons, and also that the ascent, though rapid, is <iuite unitbrm from La" 
Venta to Tarifa Pass. I have visited this pass three times from opposite directions. 
The last time I inspected it was from La Venta ni)war(l, in eom[)any with the ehief of 
the Mexican commission, fin- the sole i)urp;)seof studying the di^velopment of the hill- 
ciir\'es and the location of the locks. AVe found no i)lace where the locks could not 
bo easily placed to advantage, with n^gard to eeoi;omy of time and wat(M*, even if 
double locks were built, with a water-i>it between them. 

Lieutenant Commamler Rartlett ran a transit and level line down the Tarifa 
l*ass, to the point wheiv all dilfienlties disappc^ar; but ])ressure from other quarters 
(^ini>elled me to sus]>end this work, for the more important one (»f d<'tei nnningtla* li(»iglit ft ni«« inixhi"uf 
<if C-ofradin Pass. This line was to be <'ontinued to the ocean, after a i-eturn from the 
Corte region; but finding then that the ^lexican conunissicmers were engaged in this 
S. Ex. (? 5 
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Paaition of Ught-kousc of Coatzacoalcos Dar. 



Latituclo. 



Lnnpcitiule west i 
of Grctriiwich. 



Authorities. 



;>. 



13 03 'J7 

Id 04 50 

IS Ot^ 30 

Id 11 CO 

18 OS 13 



CI £1 2:». 5 

04 23 CO. 

9-1 17 00. 

94 24 CO. 

94 21 ca 



Meinoirs «;f the Spauitih Xa\-j-. 

Muri)by. 

Robli'j*. 

ComraKMloro IVttv, Uinte«l State* X.ivv. 

Miller, Uuite*! Stule^ Navy, rniteil :>;atfd ExiN'ilitifn. I ••71. 



Mr. Miller's results are nearly Ibe mean of the results which have the most wei«;jht. 
The same disagreement is found with regard to the depth of water over the bar. 

Dq)th of icaicr onr iht Ihw. 



Autborities. 



Dainpier 
Cramer . . 



j KubiDrion 

■ OrN'jxozo 

Kobles 

Perry 

TeboaDtepoc KxpeJitit.n. 



Date of 


IK'ptb<,f water 


Burvey. 


over the Iwr. 


17— 


14 Kiijilish f*.t. 


1774 


17 En^]i>h lii-t. 


lr.1» 


i-M En;:U:*h feet. 


K-J4 


14 Knglish feet. 


lf« 


CT} English ftvt. 


1.^4^ 


lii Enplinli feet. 


lc71 


14 Entrli^b ft^^t. 



Not knowing what to make with these results, which cannot all Iw* correct, and comparimii of 
being absohitely sure that the tides are insignificant, and the bar permanent for iill*"^^^*" 
practical puqwses, I have compiled the surveys of our P^xpedition and of Commander 
Perry's, and carefully interpolated soundings deduced from those given by the actual 
surveys. The contour curves were then constructed, and are ai>i>ended, with longitu- 
dinal and transverse profdes. (See map No. 11.) 

A period of twenty-three years has elai>sed between these surveys, and in that int*»rvai of S3 
time the following changes have taken place: thfiwofturTe\a. 

1. The channel at the mouth of the river retains its depth of forty feet, but it is 
now twice as long as it was in 1848. 

2. The horizontal distance between the 40 and 18 fcot ciir\'es has l>een elongated 
one and a half times ; but now the channel is narrower. 

3. The first contour curve, returning upon itself, and limiting the southern edge of 
the bar, has i-eceded toward the sea one-tenth of its original distance, as countefl fnim 
the deei>est part of the river abreast of the old fort ; but vertically over tlie place of 
this curve there are now four feet more of water. 

4. The width of the bar has not altered sensibly, juid is now generally four or five 
feet deeper. 

5. The 24-foot curve of depth has neither shifted nor sensibly altered its sba]>e. It 
18 inside of the bar, convex toward the sea, aiul itsapex is nearly tangent to the coa.st- 
line. 

6. Between the apex of this curve and the southern edge of the bar. great chang«-s m a t *- r i a i 
have taken place. The channel has become narrower, and though much dt^»iH*r, it is^ "^*^** 
f)uitc ci'ooked in the line of maximum depth. 

7. No results have reached my hands of the nature of the drift upon the bjir iM-fun* ihift upon tho 
1840, Now it is made up of coarse and fine, gray and black samls, .shells, and clay, with 

riKl and black specks. 

S. The black siinds belong to the Uspanapa, and, as has been remarked, can Im* pre- i' - p* « '» i' » 
ventCMl from reaching the harbor by inducing the t'oniiatioii of a bar at the mouth of 
the ITspanapa, in front of which the san<ls will naturally sctth*, practically, for an in- 
deliuite period. 
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HAEBORS IN THE PACIFIC TERIMHSUS OF THE CANAL. 

The roadsteads of Yentosa and Salina Cruz have been proposed as the available vcntow and 

, , Salina Crux. 

Pacmc harbors. 

In their present state they are both unsuitable for our object, and while Salina 
Cniz can be converted into a safe artificial harbor, the Bay of Yentosa never will be 
used, on account of its exposure, the nature of its shores, the limit of the sui-f-line, 
shape of the coast, and holding character of the ground. 

The astronomical position of Salina Cruz, as given by Trastour, is nearly correct, 
though by some great error creeping into our calculations we made it nearly seven 
miles south of its true place. The Mexican con)missioners kindly volunte>ered to solve 
the doubt entertained at the time with regard to our accuracy, and their results agree 
remarkably well with the true position of Sahna Cruz, as given by our transit-line. itHprrsmtrim- 

During my stay in Salina Cruz, 1 cross-examined nine of the coast pilots, by request- ll'lpjlotr **^**^^ 
ing them to remain in a room without telling them my object, until I called them out one 
by one, asked them the same (piestions, and sent them out without giving them a 
chance to converse with their comi)anions. These pilots, or ** patrones,'- had been em- 
ployed on this coast from three to eighteen years, with a license from the government 
to take . command of crafts. The points on which their answers were identical -are 
given l)elow. 

1. The south wind is the most dangerous, on account of the surf. 

2. A breakwater at Point Salina Cruz will destroy the surf. 

3. They think so because the "stones" now at that point protect ^he landing con- 
siderably. 

4. The norther impedes now only the entrance of sail, but a steamer can enter the 
roadstead without danger, with any norther short of a hurricane. 

5. The stiflest norther does not interfere with the landing of merchandise. 

G. Point Yentosa, or Mono Point, defends this roadstead from the north, east, and 
northeast winds. 

7. The east wind is always tame, and only blows from ^lay to September. During 
this period it does not blow from the east more than thirty days — never consecutively 
nor ix^gularly — and the wind never lasts a quarter of the day. It generally begins at 
12 o'clock in the night, and ceases when the sun is hot, say by 10 a. m. A launch, with 
six men, can carry on the landing with any east wind. 

8. One of the pilots, Lorenzo Pablo, says that there is plenty of water in the 
Upper Lagoon, near the islands ; that toward this place the water deepens rapidly, 
but turns gradually shallow as you approach any shore-line. The last time he worked 
in the lagoon, he found that the soundings had changed from the islands towanl 
Punta de Agua. This happened in December, January, and February last. He 
entered the Boca BaiTa in INIay, and will never do it again, because " the feat is dan- 
gerous." 

0. All the pilots agree that the inward current at Santa Teresa is small, but the 
outward cuirent is ver^' strong, and cannot be crossed. 

10. There are breakers from Boca Barra to Yentosa Point, and the surf extends 
fn)m half to three-quarters of a mile toward the sea. They are ibrmed by a hard 
sand bank parallel to the coast. 

11. Inside the Yentosa Bay the Tehuantepec Piver spreads out a current for a 
mile toward the sea, and destroys, during its Hoods, the sand-bars made by the st»a 
during the dry season. 

12. The present captain of the port at Salina Cruz is D. Benito Perez, a very 
intelligent sea-faring n)a*n, (piite exi>ert in the use of the sextant for navigation pur- 
lK)si»s, and well acquainted with the coast. II(». says that he has often survey(Hl the 
Salina Cruz port, and that — 

IX The swell begins at 8 a. m., and ends at 5 p. m., and is strongest from 12 to 
2, or at low tide. 
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tho swell came from the west, and after bein^ considerably broken by a (jluni]) of rocks 
which advance toward the sea at Salinas del Marques, it was sent out towanl the sea. 

The transmitted motion reached the Salina Cruz Point, where the swell was dis- 
tinctly seen to diminish in height, and to enter the roadstead throufjh the crevices in 
the rocks at Salina Cruz Point and south of the rocks in a northeast direction. A 
breakwater in the direction proi)osed above will make this port as smooth as Marseilles, 
though with much better entrance. 

I do not think it will be necessary to construct a jettv on the eastern end of this. ^"'^ 8iieit<>mi 
port, believing that the breakwater will be snfiicient to protect an area large enough to '*'^'<^r. 
shelter forty vessels riding their anchor at two (tables' length. 

Although the well-known "Mexican double-current" runs northward and sensibly 
parallel to the west coast, its influence does not reach the coast itself; and there must 
be an inner counter-current in close ])roximity to the land. This fact was unmistakably 
observed by me during four days, with north and south winds ; and the captain of the 
port states that though the surface-currents coincide with the wind, they are so light 
as only to affect the course of small boats ; the normal-currents are from the southwest 
to the northeast. He has had many years of experience on this coast. 

The line of surf begins almost opposite the custom-house, and graduallv widens as Prownt p«f»i- 
it advances toward the Morro Point. The absence ot surf on the west end ot the port»"rf. 
illustrates the shelter afforded by the lew rocks at Point Salina Cruz, an<l serves as an 
index to what may be expected from a breakwater. 

A wharf 300 feet long could now be used for the discharge of vessels during a great 
portion of the year; but, since they have no wharf, a rope-ferry is used instead. 

I €lo not tlcsire to convey the idea that it would be easy or in(»xpcnsive to convert uncertainty ns 
the Salina Cruz roadstead into a harbor, for the simplest problem ot* tiiis nature requires of tie \m^yZ 
si)eeial studies absolutely beyond the purpose and means of the Expedition. Sharbor.** ^*^ 

There is no engineering undertaking more fruitful of mistakes than the formation 
of artificial harbors, even after ])rotracted study and thorough surveys. The complica- 
tions arising from littoral alluvium often require to destroy a whole series of plans, and 
to start upon a new system, with loss of time .and heavy expenses. 

With regard to Salina Cruz, I know nothing about the difficulties to be encoun- 
tered in the foundation of the breakwater, and next to nothing about the nature, 
intensity, and eflects of prevailing currents and winds. The data I have been able»to 
compile have been given above, and all I can say, as an expert, is: That taking into The imymv.*. 
account the results of surveys and other information obtained, and having inspected practicable. * 
the lo<*alities referred to, I am not able to see anything impracticable in the proposed 
fonnaition of this harbor. 

Judging by comparison, I believe I am safe in stating that the sea- works performed compamti vo 
in many places appear to me to have been (constructed on a scah* greater than their i7.IiuHl"of's"!i- 
importance waniuits, when they are compared with Salina Cruz, as the terminus of "uh r"nrtiii«3ai 
this ship-canal. Thus— ^'''''^''' 

Aniihes, — Has a double mole, one of them 24 feet above the sea, protecting the 
harbor against the mistral winds. It has been a most expensive work, recpiiring many 
additions to the original ])lan, as well as corrections. 

La Ciotat, — Which, lilic Cherbourg, struggles against reflected swells. 

Cannes. — Where the sand-deposits will forever give trouble. 

Olonne, — Port of Sands; open to the southwest winds, with protection against 
latenil transmission. 

Inlanihof Yen and JRv, — In the hitter, the ports of Saint 3Iar(in and La l'Mo(((» 
have given a great deal of trouble, with complications that could not be foreseen before 
the construction of their moles. 

I might mention eight or ten other artificial harbors of a limited conimrrcial 
influence, whose importance is insignificant when compared with that of Salina Cruz. 

Should the commerce of the canal assume such dimensions as would crowd the 
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* l»*^'mHl.TTi '""'^^^^*' ^>f Halina (^.niz, it can Iw easily conceived that heavy expenditures would be 
t^lIiT * * "* '^'"'*' wiirran(al)lo in tlio (toimtniction of a clianiiel from the canal to the upper lagoon. 

nittrnotor f»f The hydro^raphic work on the Pacillc side was executed by a party of officers of 
Viuiiy*^***"*****' nu"! United States sloop (7yane, in charge of Master C. B. Gill, United States Il^avy. 

The transit line run around tiie Upper Lagoon, and all the details of the surveys, as 
inclosed in chart No. 1(J, bear evidences of thoroughness and iutelligence. It has given 
me ])leasure to look over Mr. dill's work and lind it correct. 

The work around Salina Cruz was not completi>d, owing to wjint of time and 
scarcity of provisions. The points located in detail agree with the surveys of Trastour 
and a hasty triangulation made by myself on the coast-line. 

In the chart of this roadstead, No. 15, the geographical position of Salina Cruz has 
been corrected to its true posit ion, and details tilled in from other surveys, when known 
to be corn»ct. 

rKUMANKNCY OF TIIK WOKKS AND SAFETY OF TRANSIT. 

Wo:»v mui i.H»r Taking for granted that the dimensions to be given to the canal and accessory 
works will be such as will fulllll the laws of their stability, the only forces that will 
consj>ire against their ]K»rmanence are the necessary wear and tear incident to the 
natuiv oi^ the works, accidents, and cataclysms. The former cannot be avoided, and 

KmihumiKi^H, the eugluoer has nothing to do with the latter. lUit it will be well to say that earth- 
qmikes air iu>t unfriH]uent in the Isthmus, although I would state that they are not as 
«lang«»rous as is popularly lu^lievetl. Their damages have been circumscribed to small 

iMMnamtrtUH, localities, and their eOects upon the canal may be considered under two points of view : 
1st. The immediate damage that the c^inal itself may sutler; 2d. The i-esult of these 
daumgt^s, as they may atVect the character of inundations, and destruction of life and 
pn>perty. 

Since the tceder and the north branch of the canal are to be built upon the valleys 
of largi^ water courses^ and using the water of the same valleys, no damage to pro]>erty 
nor destruction of life can be anticipated, as inherent to the artilicial channel. On the 
Pacitlc side, the land iHMug tlat, no torixMUscan l>eforme<l; and its many and large 
walercoui^es will carry the water fn>m the feeder to the sea. 

1 have siudiinl diligently the subject of earthciuakes, and their eftect ui>on the 
liithmnji* having consulttnl the following authorities: Rarou A. Von Humboldt, Pilla, 
A. KruuuK Penvy, Sarti, Soldani, Dr. Yung, and Dr. A, Uoja:si. 

.. . , The cataclysn^s and earthquakes reconletl in South and Central America have 

riwr«k><« «m ttt^'mn'er pixwetl destructive on the Isthmus to an extent that would injure seriously a 
mnaU 

Fn>m i>l>Svn*vations by rern\v during many years, the following is the yearly average 
of eartlupiaUes thixmglumt the earth: l\*^ in winter, 15 in spring, 20 in sununer: 22 in 
autuuui : SO the whole year. 

jvirtH«*^** ^^** visited the Isthmus during the two seasons of maximum remirrence. and only 
oxjHnieuiHHl tlmv eanlupiakes, one stnmg, but which would have Ihhmi harmless to 






the canal, and the other two quite insiuniiicant. 



Quito, \ entv.uehu and (lull an* the iH>intii ol the OMit mem wheniv earthquake- 
<>A) I b<)aiii.o waves aiv nu^tly pi\^iv;ig;;ttHi lowar^l the Isthmus. 

*tu>*^»«i ,>ji«h The eartliquakes of ISTc? aix* the nu^st striking genenil earthquakes reiv^nlttl, and 

^,K*k,*. j^^ i>a\aca and Vera Cwu. onlv a few houses were cracktHl. At all events, thev were 

not c;U;uuitor*s. Thes<* earthquakes lvg;;ui on the ITih of January, by an eruption of 
the Mantua Iavu nearly destining the Sandwich Islands. In July, Cuba and Porto 
Kiro sutVdixd tenible K>sst\< in lite and piv;vrty : on the ITih of the s;>me m-^ntb it 
\vas< ult in iVuta: on the iMh in Siinto Domingw and in Austria it was s*i violent that 
the sluvk vung the ehuixh-lvMs: on the 2ri:h it was t'elt in Geox^ia, Vniunl States; 
on the loth S<^ptrmVer, the inhabitants of Manila exiHticuiinl the heaviest oscillatioDs 
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in their records; St. lago of Cuba was completely destroyed, and at almost the same 
instant the Etna entered into one of its most terrible eruptions. It will be stH>n that 
there must be some reason holding good for the safety of the Isthmus, when it osc»aiKMl 
the commotion of a center of disturbance comparatively clo^e, while distant iM)ints 
were violently shaken. 

Tlie general earthquake of 18G7, which proved so calamitous in the West Indies, 
was harmless in the Isthmus. 

The above is not presented as a proof, but only as a plausible deduction, tending 
to show the staibility of the Isthmus. 

There are strong reasons to confirm the belief that Calabria, Tuscany, Portugal, ivvoiopuMnt 

of T^^lf iolIM t'XlHm* 

Cuba, and Japan are subject to heavier commotions than any Isthmian route will everiii to cm ih- 
be ; and yet this danger is never taken into account in connection with public works, **"** * "' 
or commercial and politicid enterprises. 

The data obtained from our surveys are not sufficient to make estimates as to the No cstimnton of 

^M n A\ 1 till* I'ortt of thin 

cost Ot the canal. cannl vm N' fur- 

I have thought it advisable to exaggerate the dimensions of all the elements tend-*"ATi"!,\Tr^v^^^^^^ 
ing to exhaust the summit water-supplj^, and to tunnel for the feeder in lowdities in iliVo' lilin * vxHi"! 
which I hml reason to believe that an open cut would be less expensive. gcrotou. 

I believe that the cost of the feeder is not incommensurable with the impoi'tunce 
of the canal. 

For the purpose of comparison, we have the Croton Aqueduct, which brings rn.t.m Aqm- 
water to New York from a tlistance of 41 miles. In its construction, it has been neces- withcaimi u-I-llr^^^ 
sary to prepare an immense drainage area, to make costly improvenjonts, and an ex- 
pensive dam at the Croton River ; to bring the water through an arched acjueduct t^) 
the elegant High Bridge over the Harlem. The old reservoir was constructed in (.-en- 
tral Park, the distributing reservoir in Forty-second street, and many ac(*essory works, 
moi-e or less expensive, were finished, at an average expense of $1,000,000 per mile. 

Many years of connection with the Croton Aqueduct have made me familiar with 
the character of its works, and the thorough survey made of the feeder-route enables 
me to believe that the construction of the ship-canal feeder cannot excised one-iiith 
of the entire cost of the Croton Aqueduct. 

Tlie exi>ense8 to be incurred for the canal proper need no defense ; they depc^nd iu>H\ of the ra- 
upon the assumed dimensions of the trench and locks, while the class and number of""* i»r«M»«r. 
obstacles to be overcome are of the most ordinary nature. 

Although the construction of this ship-canal is truly a large project, when com- Mocnitwio of 
pared with many ancient works its magnitude disappears. {wnirwuli' "ul. 

One thousand one hundred and seventy eight years befon* Christ, the pyramid (,f ***"^ ^"*'*'"* 
Chemnif was commenced. In its construction 300,000 slaves were employed during 
twenty years, and ten yejirs were spent in the building of the caus(»way, over which 
100,000 men, in gangs of 10,000, brought the materials to the i)yramid. 

The canal built by Nitocris, Queen of Babylon, and which pri>tecled her kingdom 
against the Me<les, was made by turning the Euphrates into an artifieiai channel, 
]>robably provideil with gates and sluices, and with so many wimlings that it was a 
tliitHi days' voyage to pass the town of Ardericca. 

To prevent the city from inundations, Nebuclnnlnezzar, live hundred and sixty-two 
years before Christ, built an immense lake to receive the llood-water, while facing tlnj 
Imuks of the Euphrates with brick and bitunu^n walls the entire length of its cours4i 
through the city. 

3[odern Eomo is abundantly sui)plied from three of the twenty acjueduets that 
once brought water across the Campagna, in lim^s troin oO to 00 mihs in h*ngth. ()n<* 
of these aqueducts passed over 7,000 arelies. 

The Thermae of Augustus and Diocl(»tian wen* magnitieent coneeptions of luxury. 
In the latter, 40,(M)0 Christians wore empIoye<l, and it furnished batiis for .JlVMM) \h*o- 
pie, in sumptuous buihlings covering an area nearly a nnh* in eireuniferenet*; whih* the 
S. Ex. 1> 
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AiUiiHttnoutofobscrvatious taken in regular rotation, in order to doterinine the errors of all the 
4i"5iVmiuati*Lii^of instruments with the "standards,'' establish constants of corrections, &c. 
errow. c. rp^^^ ^^^^^ instruments were readjusted 5 chains, tapes, &c., tested with the stand- 

ard, the nature of constants for our micrometer determined; and observations were 
taken of hititude, time, longitude, and magnetic variation. 

The native contractor was engaged, and preparations were made to insure our 
instruments against damages from the rude transportation they were to undergo, 
tiin/***^"^^*^^ True Greenwich mean time was adopted for all meteorological observations. 

Hvrtrojrrapiii rj\\^Q hydroffraphic party commenced the reconnaissance of the western bank of the 
*^;r . 1 . , Coatzacoalcos, selecting the location for their basi^-line, and the coast observatory 
stutious. began the series of hourly observations, which wine kept up until 11 j). m., Greenwich 

mean time of April 20, 1871. The coast station contained the following instruments, 
l)roperly mounted, and protected against accident and inaccuracies : 

The station at Chivela contained the same kind of instruments, but those that 
were apt to break had been doubled in number : 1 chronometer, Negus, No. — ; 1 sex- 
tant, Gambey, No. — ; 1 barometer, James Green, No. 17G4; 1 Ilolosteric P. IT. B., No. 
32440; 1 psychrometer set, James Green; 1 maximum and minimum set, James Green; 
1 anemometer, 1 rain-gauge, 1 evaporation -gauge, 1 dew-gauge, 1 tide and flow gauge, 
1 solar thermometer. 
staiMLird ebro- rphc Kaiisas chrouometcr, Negus, No. 777, was assumed as the standard. 
Baromotriccai- Uniform field-uotc forms were distributed to all the parties. 
cuiaUous. ^11 barometric heights have been calculated by A. Guyot's tables, after eliminat- 

ing the instrument's proper errors. 

EXPLOPtATIONS OF THE COATZACOALCOS PvIVEU. 

start for iho Oil the 28th of November, at G.45 a. m., the Kansas steani-lannch and four canoes 
niouu B. giioved off the Coatzacoalcos bank, opposite the American consulate, having on board 

our instruments and all the officers and men, bound for the mountains. 

Aimagres. With a clcar day before us, we moved slowly up stream, meeting many mahogany 

and cedar rafts. At 8 p. m. we landed at xVlmagres, a dilapidated town containing 98 

voters, and situated thirty-seven miles south of the bar. 

Hca«i of ship This is the highest point of the river that could be utilized for a ship-canal, on 

nawga ou. accouut of its Small depth and frequent bars. It will be more economical and exi)e- 

dieut to commence the canal at the town opposite the Rancho del Mariscal, cutting 

jumoapa Kiv- through thc Island of Tacamichapa, in the direction of AbsaU)titlaii, and by clearing 

the entrance of the Mistaii Fork avoid the sand deposits which come from this 

river. Although the Jumuapa River has a fine sand bottom, either the configuration 

of its outlet, its internal bars, or the shape of its shores i)revent its sands from drifting 

into the Coatzacoalcos, because the general character of the bottom of the latter river 

consists of plastic clay, with a remarkably small amount of gravel and sand. 

Tiio Coauar YoT a description of the Coatzacoalcos below Almagies, S€»e extracts of Captain 

Aimagroa. Farquhai-'s report. 

The rivc^r banks below Aimagres are very low, frequently Hooded, and the country 
is crossed by many creeks, which complicate the regimen of the river, not only with 
regard to the tides, but also in connection with the floods. 

It will be seen in the meteorological report that the river rises and falls, often 
without apparent cause, and independently of the tides and wind. 

The most important of these creeks drain tlie country west of ]Vrinatitlan, and arc 
the Menzapa, Apepeche, Ocosapa, and Jacoteno, on the left bank ; and the Coatajapa, 
which drains the country north of the San Antonio lliver. All river depths referred 
to in this report relate to the dry season, unl(\ss otherwise stated. 

Two and a half miles south of Minatitlan, a haven exists, made by the confluence 
of the Ojosapa and Tacojalpa, where the Spanish government water-cured pine ma^ts 
tliat were afterward taken to the Havana and Carraca arsenals. 



mr— m 




1 




to 

o 


"^ ll 1 1 


1 ^^^^^^^ ^^^ ^^^^^^^^^^^^^^^^^^^^H ^^H 





50 TEIIUA^TEPEC CANAL SUllVEY. 

Corte Kiver for a short (listancej and then tnrns east; in other words, comi)act Hme- 
stone and dolomites skirt the base of the highest Isthmian Mountains, at a height of six 
or seven hundred feet above tlie ocean. 

Duo north of Tarifa are found soft limestones, very different from the dolomites 
above referred to, partaking more of the character of travertine. 

They were deposited in strata, whose dij) is now vertical, with a north and south 
strike, and this character is comiuon to the whole of this spur ; but the quality of its 
material varies a great deal, since sometimes it is calcareous tufa ; then it passes into 
argillaceous marl, and again the clay disappears, and sand predominates. 

This material is so soft that the foot-travel over it grinds it into impal]>able dust. 

The furrows made by each rainy season compel the Indians to leave last year's 
tracks for new ones, until they have made so many x)aths over these hills that it is 
confusing to select the best road. 
Plains or' pot. !^orth of tliis ridge the countrv descends to the Chichihua Vallev, and is formed 

rt'ros of Cbielu- c^ t . / 

huiu by soft sandstone, until the Junction of the Chichihua and the Pericou, where jasper 

and argillaceous rocks are again seen ascending toward the north, forming the hilly 
district inclosed by the Chichihua, Malatengo, Corte, and Coyolapa Kivers. 

Occasionally plastic red and green clay are met with, as well as granular (piartz 
bowlders. 
Bodofthcchi- Soutli of tlic IVricou tlic streams have cut their wav through the rocks in situ, and 

121* ^ ^^ ' 

neither drift nor indi(!ati<»ns of heavv Hoods are visible; but the bed of the Cbichihua has 
clear, sharp sand Iwoughtdown from the potreros east of Cofradia range, 
sicn-ft Bianca The sumuiit of Sierra DIanca l^iss is 1,232 I'eet above the ocean, and in order to 

Pjiss. 

Sierra Bianca get the watcrs of the Cortc iuto Tarifa, it will be necessary to cut the thin web at this 
pass to a depth of 483 feet, or to tunnel through it, if it is found cheaper than either an 
open cut or a detour up the Tarifa Kiver Valley. In the present state of my knowledge 
of the locality, I would propose a tunnel, that may be of small dimensions, through rocks 
that I know are very soft. This tunnel will be 9,G5() feet long, and its area need not 
exceed that of a rectangle, 10 feet by 12 feet, surmounted by a semicircular arch of 

•cit!" ^'^^^''^ 12-feet span. Under these conditions, its cost will be l(»ss than §000,000. 

From the ]>ass we descended by the northeast to the Otate Brook ; crossed a gently 

cilicbihna plain! r^llhi^ plain, with ricli pastures, and ascended the Chichihua jMirador, a high hill, from 

whence the surrounding country could be easily inspected. We took several observations 

with the barometer, and measured several angles to test ^loro's triangulation. We 

CroBwcnon of ^^^sceiidcd to a small valley, crossed the brooks Mentidero and Milagro, and, after one and 

tho Chichihua. a half milcs' travel to the north, wo ascended the hills which form the left bank of the 
Chichihua. Their general direction is to the east; and these hills are highest at the 
Pericon junction, where there is a cfinon about 100 feet wide, with nearly vertical walls, 
about 150 feet high. A gradual descent to the east brought us to the Chichihua below 
the Corazo Brook, and v;here we cross-sectioned the Chichihua at a point 71 fe(».t below 
Chivela; a short distance below, the Chichihua flows into the Corte Kiver. It was 
here that I conceived it possible to use the Corte as a summit-feeder, because its tortu- 
ous course and probable rapids naturally led me to think that it would be easy to over- 
come the small diflerence of level without going very far up stream. 

MONETZA KIVEK AND CAVES. 

TabiaBoiM. We left Tarifa December 21, 1870, very early in the morning, under a leaden sky, 

MouctJ^'. ^^ ***^from which poured a blinding rain. Our route was by the northeast until we reaclie<l 

Tabla Bolsa, wliich is a very small vaUey, lower than Taril'a, since it sheds toward the 
east. The Panecrillo, which we ('lossed and followed after the last Taril'a Ford, led us 
to the source of the Monetza. This river Hows from under a natural (iotliic arch, cut 
by its waters in the*, southwest extremity of the Convento Jlill. This hill ctmsists of 
pure black marble, and the walls of the arch or tunnel which traverses it are perforated 
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Table showing the delivery of the Chicapa River at different points along its course. 



Chicapa Uiver 
gau^^ed at — 


Sum of ordi- 
nates of 
depth, in 
feet 


Distance be- 
tween or- 
dinates, in 
feet 


Mean area 
of crosa- 
scction, in 
feet. 


Mean veloc- 
ity, in feut, 
per second. 


• 

Mean deliv- 
ery, in 
cubic feet. 


Height above 

or below the 

summit, in 

feet. 


Date of cross-sec- 
tion. 


1 
San Mipfuel .... 40. IC 

Ultimo rancho. 45.34 

Scarce's rancho 25.34 

At its month 


4. COO 
4.125 
4.000 


184.64 
187.03 
101.36 


1.14 
0.82 
0.72 


143 

103 

49 

2 


341 below... 
272 above . . . 
016 above . . . 
754 btjlow . . . 


December 24, 1870. 
DecembiT 26, 1870. 
December 29, 1870. 
March, 1871. 


1 









Elevat ion of 
Scarce's rnnclio. 

Sui*vey of the 
Upi)er Ohicapo. 



Scarce's ran- The last CFOss-sectioQ WQS nuido by the officers of the Cyaiie. On the 2Cth of De- 
statement ofcember we arrived at the rancho of Mr. Louis Scarce, who told me he had traveled 

X£|« Scarce 

from the Blanco River, at its junction with the Corte, in a straight line, to his rancho, 
or hut, and was sure that theCorte was at least 1,000 feet above Chivela. 

Believing that he knew the countrj- well, I engaged him as a guide, and sent him 
immediately to cut a path to the source of the Chicapa River, while we took series of 
barometric heights, time, latitude, and magnetic observations. (See appendix.) 

Mr. Scarce's rancho was found to be 616 feet above the Chivela Station; and the 
Chicapa at this point passes less than 50 cubic feet of water per second. 

At the end of four days, we again started up the stream, following the bed of the 
Chicapa with the compass, and leveling by angles of elevation and depression, and re- 
source of the ducing to the horizon the distances as given by the micrometer. About 1,700 feet 
from Scarce's rancho we came to the main source of the Chicapa. The water pours 
from among the crevices of very large bowlders, which have fallen over the bed of the 
river, from a cliff about 800 feet high. From this i)oiut forward the river, which deliv- 
ered about 50 cubic feet at Scarce's rancho, hardly carries two or three cubic feet of 
water. 
Left the bed of Bcyoud this poiut, aud about IJ miles from Scarci's, the little water that flows, 
the Chicapa. and thc rcduccd sizc of its bed, made me abandon this thalweg for that of a drj^ brook 
Providcncia^^^^^* a very wide bed, whose direction seemed to lead toward the Atravesado Moun- 
tain. This brook was named Arroyo Providencia. 

The small tributary of the Chicapa, just abandoned, turned toward the north be- 
hind a high chain of near hills, and is evidently a very small and short stream. Up 
to Ultimo rancho, the rocks are argillaceous ; but near the source of the Chicapa, 
compact and blue limestones abound, which grow coarser as we ascend to the Arroyo 
Providencia. 

This stream runs through a deep caiion, two or three hundred feet high, and its 
precipitous sides are covered with overhanging stalactites. 

We also found quite a large deposit of nitrate of i>otassa about two miles east of 
Scarce's rancho. After four days' travel we ascended to a high spot, where the under- 
brush ceases to grow. 

We then ascertained that we had followed the lowest valley, which leads directly 
to the gap between the highest point of the Sierra and the Atravesado Peak ; in other 
Apuas Nuovas words, we had foUowcd the valley supposed by Moro to be the bed of the Chiciipa 
River. A reconnaissance from a high point advised us to leave Providencia Brook, 
Rise of the which had become impossible to ascend, for another more southerly and marked val- 
arges va e>. j^^,^ whicli was named Aguas Nuevas, in commemoration of the day, January 1, 1871. 
When we struck it, at 7 a. m., our height was 1,375 feet above Chivelti, and at 4 p. m. 
our elevation was 3,245 feet. Feeling convinced beyond any possible doubt that this 
was the lowest thalweg within five miles from north to south, I determined to leave its 
bed, and see how the country looked east of us, or toward theOstuta. Ten minutes up- 
hill travel brought us to a cleared eminence, from which 1 saw, with a feeling of disap- 
jjj^^^*''*PP<>*°*pointmcnt I cannot describe, that the chances of bringing a feeder through this route 

were very few, because our height was so great, and the Ostuta, running from north to 



Brook. 

Geoloi^ical fea- 
tures of the val- 
leys. 



Traveling in 
the lowest valley. 
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south, bad to descend an astonisliin^? distance, in order to make a junction of tlieae rivers 
possible, since the Pacific plains reached to our hititu<le, and from this jMiint norlb- 
ward the mountains rise abruptly from the plains. I lioiK'd that our labor mi^ht still 
be^r some fruit, because, turning: to pa^e 11 of Sefior Moro's orit^inal rejMut, in my 
possession, entitled " Reconocimiento del Ystmo de T<»lniantei)ec, London, June 1, 
1844," I read the following words, which I translate. JSenor ]\i(U'o, standing on tlu^ 
Atravesado Mountain, snys: "Toward the north I saw the deep ravine throujfh which 
the Chicapa runs; and(m the east the high lands of the Ostuta's bed, which I had just 
visited and recognized i)erfectly, were less tiian three miles oiX. The (liiference of level 
between the two points is so inconsiderable, that theiv is no doubt as to the possibility 
of effecting the junction of these rivers. And it is no less evident that there is not the 
least obstacle to prevent it, in the short distance intervening between them." Filled 
with hope at this precise statement, although very short of ju'ovisions, and with the 
Indians who accompanied us very discontented and rebellious, 1 turned to the s(uith- 
oast, in order to ascend the Atravesado. Failing to see from the Atravesa<lo anything in 
the direction of the Ostuta, on account of an intervening mountain, we moved south 
and then east, in order to descend by a detour to the most southeasterly spur of the 
Atravesiido. 

With the excei)tion of the high imint just abandoned on the south, everything else ah lamiH in ai. 
east or north of us appeared under our feet; and had it been i>ossil)le to see the high V>|" "**•" "* ""^ 
hind of the Ostuta from any point of this mountain, this was the place from which to 
view it. This point is marked ]M, in map No. 2, The highest i>art of the Siena bears 
Dorth 2^, east from us, and a s[)ur from it hides tin* place through which Moro thought 
lie saw the Ostuta. Since his assertion, quoted above, is so ]M)sitive, I must c(>n('lu(h^>,?t"lHJi,,"n^JIjr 
that he lost his bearings, and mistook, for the Ostuta, the small valley running iH'hintl Ii\"!|t..^X" *u 
Trespicoa IJill, and the ]>eculiarly sharp and craggy limestone hills near them, called t\T\"«in.ilv''u^^^^^^^^ 
the Cucumates ; but these points are evidently low, too far south, an<l prove<l to be at ^l"^^,* }T\ur\.[. 
least fifteen miles awav from where ^b)ro jn-oposed to begin his feeder. The <l(*e»I*^""''> '"^^*»'- 
valley we saw at our feet with terrible distinctness ju-ovimI to he the Ostnta's ; but. we 
euuld not believe it, because it ani.earcd to be 4,(l(M) or .kOOO feet below us. After all J>"^ M"r«' »"»•«• 
our notes were i>Iotted, the rortnna I3rook was iound to run up so near the gap that it forthc ciiiiaimi 
may be i>ossible that ^loro mistook it ibr the ('liica]»a. This opinion is strengthened 
by the fact that Moro ascended the Atravesado from yilteixM*, and not by the bed of 
the Chicapa. I declare distinetly that there is no point on the Atraves;i<hi, nor ne;ir it, 
from which the Chicapa and Ostuta Valleys, nor the land through >\hieh th'^y run, can 
be st^en at the same time. 

I was accompanied on this exi)edition by Mr. Duel and Schor Macheo — two of the tim- inoiintaiiiii 
mast courageous and daring men I hav(» ever known. \V<» eonsi<hred this solution of,'*x|S»rllj.''"''^'''* 
Mon/s pn»ject as the only hope lor a canal : sinr-e tin* (/orte proj<M-t, lu'sirles lM»ing as 
yet pmblematic, the weight of evidtMice was against it ; therefore*, we studied these 
mountains with anxious interest, spaiing no penonal diseomlort, till the country was 
exploix'd as far as it was possible lor a human being to go. 

Moi^o's assertion was not verilied. ami, since our st<*ps W4*re bjined by the ]»reci. 
pices which bind the eastern e<lge of the Atravesa<lo, we det<*rmined nut ti» ;:ive up 
hoping until we had seen tlu* ground frum below , upw<ir4l. Aeeordlngly, we deiided 
to de-seend to the town of Niltepec. explore the Ostuta as fiir as pos>ibh-. iind endeavnr 
to reeonnoiter the gai» referred to by Sefior Mon». 

As we left AguasNuevas l»rook. the climate, as W4-11 n^the l;mna. flora. :iiid ''eoloL'v ri. i. . .t .:. 
of the country, changed visibly. ^Nolhing but the pine'gr* w o\«i tlif maily luin* mm-U v. ■ ■ •. ' xu- .\ti\ 
of linely laminated shale, whieh. as we Ji>een<h-<1. bi-emiH* tr;in>roiiiied into ;i ]ii«eei:i. " 
ver>* much decomposed on the siurace. but lujiiing no \e-«t.iiioM. 'I'ln- -^uiiiiuir of 
Cerro Atnivesado consists iif i»or[»hyry and jiriiillaiMMius UHk<, Thi^ hill is iii;:r.i:r»'*l 
ioto the main sierra from north Xn south, and in a very eonspieuon- niaiuH-r Uim k-^ tli»- '•'■■'•'^^''^•^ 
valley of the Chicapa at right angles to il< thalweg. Its top >urfaee i-. liai, iilKiut -ViiMi 



I 

f 
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We tlescended then to the river, and after fording it witliout difliculty, ascended up Foniinptbf os- 
stream by the right bank, cutting our wa^' through the dense foliage. Occasionally *"{i^,,r„p|,i^ug 
wo ascended near hills, or climbed trees to study the topography. Our barometric ob-,'JJ;^.{|lJJ^J^.j!JJ; 
servations were taken very carefully, though in our two first tents the atmospheric ****"*• 
state was unpropitious. 

Still, I feel confident that, in these cases, the errors are within 10 feet of the truth ; 
although an error even of one thousand feet (which is impossible) would not aflect the 
result, since Moro-s Gap is more than 3,000 feet above the summit at Tarifa. ^foiv- 
over, the important observations on theOstutaare those taken at its highest i)oint; in 
these four observations were taken — at, before, and after the hour of the day in which 
the barometric column has the same height as the daily mean height, and all the indi- 
cations of the barometers, coupled with the precaution taken to insure accuracy, war- 
rant the confidence 1 place in the fact that the height of the Ostuta at the point V, in 
map No. 2, is between 170 and 100 feet below the lowest point of the Tarifa Pass. The <J/;;j''J^;*f ,»,;»; 
Ostuta was explored more than four miles up stream iVom the point from which ^r<>»'<> pi|;Ji!|r* i«»iutrx. 
intended to start his feeder. I did not mistake Moro's Gap for any other gap. This 
wat<?rdivisory has a northeast direction ; is about lour miles long; itsMmthernextrem-^f^^'JJJ^'jJ'jJij'^**" 
ity joins the chanicteristic northern prominence of Cerro Atravesado, and it is limited 
on the north by the highest peak of the Sierra. In facrt, it is formed by two sjjurs from 
these mountains, which, from opposite directions, meet at the lowest jioint of the gap. 
This gill), besides being the same one that we ascended from the Chicapa side, is the 
lowest one of the range, and was insi)ected and always recognized from the points 
marked El Portillo, 11, S, T, and V, map No. 2. Also, the eastern thalweg of this pass 
is made up of steps, forming small valleys, and descending toward the Ostuta and 
Fortuna. 

J MPEACTIC ABILITY OF JOINING THE CIUCAPA AND OSTUTA RIVERS. 

Sefior Moro makes Ultimo rancho and Chivela at the same height. A glance at Ekvation of 
the barometric data on the appendix shows it to be 27."> fiH't above Chivela ; but al- 
though the heights for each set of observations agree within six iWtj since only tlin'C 
observations were taken, I will pass to the rancho Scarce, where five sets of good ob- 
servations were taken, giving a mean of 021 feet. The distance between these tw()sc?Jica*ra'ii?ii.K' 
]>oiuts is less than eight miles; following the river turns, and applying the rise jier 
uiile of the river between San Miguel and Scarce's rancho, which are points welld<'ti»r- 
mined, wo should lind that the Chicapa, at eight miles from the rancho S<*arce, must 
fall about 422 feet. Hence — 

024 = elevation of Scarce's rancho. 
422= fall of river in eight miles. 

202 = height of Ultimo rancho, by calculation. 
275=^- height of Ultimo rancho, by the barometer. 

73 = difference, which pnibably would be less if the true 
length of the river were known. 

It needs no demonstration to prove that the Chicapa Valley is the only route for 
Morons feeder. 

At San Miguel this river is over .*)09 iWt below fhe siunmit, and at El Palmar it is Aniomitofont. 
21 feet above; hence, the cutting below the Chicapa bed must commence 2,100 feet lM»-IarrV'i«\"Moio*» 
lore reaching the Palmar Hrook. This cutting, gradually increasing in <leptli, will be''*'"" 
eleven miles long and .S,245 f<'et deei> by the time it reaches that i)()int <»f Aguas Nue- 
vsis I»ro«k, from which we turned away to descend the Atravesath). (See P. map Nd. 
2.) But this is not all. There are fully one and a third miles of ascent fi-om Aguas 
Niievsis Brook to the low(»st i>oint of Moro's Pass, and beyond this point the tunnel 
uni^t extend through the base of the mountain, before reaching the Ostuta's bed. 
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TaUe 0/ ditlancct and eleeationt of protnineiil poiiilt 0/ tke lalhrnveof TrhuoKlrptc — Coiitiouod. 
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Geographical positions of the prominent places of the hthmua — Coiithnicd. 



Places determined by other than astronomical 
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Thbleofaea distances through several Isthmian routes, compiled from If.Stncklcs Essay on Inttroceanic Canals. 
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Sandstones over ferruginous red and 

blue clays Fisherman's Eidge, near the Blanco. 

Clay rocks, slates, and clays Upper branch of Capepac Brook, Chocolate Hill, and Pita 

Brook. 

Sandstones Lemon Ridge and Cofradia Range. 

Marbles and compact limestones Cliff Ridge, upper part of the Milagro Valley. 

Clay rocks, jasper, trachytic porphyry, 

kaoline, sandstones, calcareous tufa. Near the town of Santa Maria. 

Siindstone, limestone drift Southeast of Santa Maria. 

Limestones Below and north of Santa Maria. 

Calcareous tufa On road, after crossing the Milagro. 

Calcareous tufa Tierra Blanca tunnel. 

SAN JUAN aUICUICOVI. 

Hydraulic limestones, clays, slates, antique porphyry. 

£L BARRIO. 

Graywacke, sands, clays. 

XOCniAPA PLAINS. 

Graywacke schist On surrounding hills. 

Sandstones, plastic clays On the plains and hillocks. 

Compact limestones Near the source of the Maiatengo. 

GUIECHILONA; GUEE-VIXIA ; GUIE-VICHI. 

Dioritic porphyry, gray and green slates, 
compact limestones, sandstones, 
greenstone schist, hornblende and 
translucent hornstone rocks, gray- 
wacke schist, magnetic iron-ores, 
and dolomites like the magne^ian 
limestones of Convento In the Lao-Llaga hills. 

Argillaceous sandstones At Guie- Vichi. 

Very hard sandstones At foot of Guie-Vixia. 

ZOPILUAPA RIVER. 

Trap-rocks, as hy[>ersthene and pyroxcnic [>ori)liyry, also modern limestones. 

SALINA CRUZ. 

Veined porphyry- At Cent) Moito. 

Petro siliceous i>orphyry At Point Salina Cruz. 

Amygdaloidal [)orphyry, with crystals 

of phonolite At Point Salina Cruz. 

Gniphic and fine-grjiined granites At Point Salina Cruz. 

Phonolite is very abundant at Xunirahui and at the Guie-Agola Rivers. The Xuuirahui 
nanieil after a noted Za|K>te<'o woman, is a large chunk of ]>hono1ite in the shafM' of a headless 
female bust. Viewed from the si*a, it appears conspicuously like a house-chimney. (Sec chart of 
Salina Cruz.) 

Dioritic i)orphyr>- and syenite At Daniguibeddii. - 

Splendid granite, syenite, quartz, and 

albite conglomerat<»s At Huilotei>ee. 

Graphic granite At Hazonthm. 



70 TEHUA>'TEPEC CA>AL SUKVEY. 

Mauj- varieties of dioritic poqihyry 

granites and syenites Around Salina Cmz. 

Tertiary soft limestones, comiiact bine 

limestones At Dani-Lieza. 

Compact blue limestones At Tehoantepec, across the river, and behind Santa Maria 

Dani-Lieza. 

Clays In the plains. 

Sands In the plains above the clay. 

LAG005S AXD SOUTH COAST. 

Trap-rocks, laminated granites At Monoinxstiac. 

Porphyrj' Unialalang. 

Gray wacke Iguana Island. 

Dioritic porphyry Mangnixtiac. 

Syenitic [)orr>hyry Tixixixi. Uxindnic Santa Teresa. 

Syenite, syenitic greenstone Muno[»osiiac. 

Stratified greenstone, beautiful gran- 
ites Cerro Prieto. 

Basaltic I'ocks, ? iK'iHiriuo, ? basaltic 
tufa MonoiKistiac. 

Granite, tremolite veins Santa Teresa. 

I>' THE PACIFIC PLADfS. 

Sands, loam, recent and fossil, living shells, clay, below the sands, at a depth varying from a 
few feet to 40 or GO feet. 

!>' THE ATLA>TIC PLAINS. 

Loam ; alluvial drift in the valley of the Coatzaco;dcos. often of immense depth : sandstones and 
clay in the upiK^r part of the valley near Chichihua : clay and talcose slates are often met with 
betwe<»n Almagrosand La Puerta: lignite in several i>arts of the coast associated with asphaltnm 
chunks ; also on the Coatzacoalcos banks, and at La Puerto, near the Tortuycrero River. Asphal- 
turn is very abundant. 



P>.— USEFUL TREES, PLAXTS. ETC 
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ICamo. 



b, <A L4Katit.)n and remarkA. 



1 AliiM*n«lrw , J t«» 3 Pacific jilains ; bn^wn. dxanwHl-CT-Juni-tl. briulc. 

1 AliiMiulrillo i to J Pacific ]4uiuji : iv*l, wry Mniiij:. auU iudicMructiUe. 

lUiha : Pacific plaius : vhilc. pi^i\>u». Itjiht. 

Bia a jjiiibcsa l*acific plains : rioUt p"Jiy. fine, K>ng fiWr. toutrb. very UM'fiil. 

- I IV\j, (bux-wmnl) ] Pacific pUuns : ycUow, lumL Uuijih : iui(h1 for wood-enjDravins. &c 

IJiza iluuc Pacific plains : orange, hard, heavy, brittle, peculiar STain> 

Hrasil, (C\r<a/i«'i»a crUta) , 1 to H All parts : urihI for red and black dycs^ 

Cafla fistula I 4toi Pacific plains. 

3 I I'aului. {Stntt-nia mahotjani) ; '2 to 8 All parts of the I^^thmua^ 

1 ' Caimitillo ; Chiiualapa rciiion. 

1 ; Caobilla. (Cr^tton luridum) : 1 to f* Atlantic ]ilaiiis. 

1 , Caracolillo. {rhawvlun caracJiUa) | 1 to *i Do. 

■ 2 Cascaloto i to 1 ' Pacific &iile ; black, with rciblish fibc r, hanl, heavy, tongh, boautiful. 

■ I (.'osta rica • 'o •* " Ea*t of Coatzacaalcivs : very durable. 

', a Crdn> fino, (CVtfir/a odorata) j Ito 4 All pjirts. 

I I Teilro bianco, ( Cvprcsj,us Umyuidft) ■ 1 to 3 Cliimalapa rt gion. 

I 1 OMlropricto ^ lto3 YUk \ 

1 f.Viba I 2 14» 15 All parts : wliit«\ lonz filnr. *ioft. light. 

Cljiro za|M»te. I Du^optfroM obtfui/olia) j 2 All iKirt.**: )iuri»h-. h.inl, hravy. ton^h. I 

' ■• C'lyri't*, iCnpntmuH g^mpfr virciiM) 2 toil ■ Chimalapa n-jriim. 

I I. '._. . 



TEHUANTEPEC CANAL SURVEY. 
B. — TTsBPUL TSEES, PLANTS, ETC— Coiitinaed. 



71 






Cacinu bianco, IJaerOit alba) . . 
Cadua negni, (Jiukui cirtni} . 

£m^tBi;iui 

Frnnn, (Praxiniu acumi/utla) . 

Fl^.ilUlD 

Gotoado ^.^^.... .. .. 

GmuLdlUo . 



nchl . . 



Giufalxi, (^ful>ui»}isir(;eruii>l . 
CuapsqiU'i lOttrija lltxicam) . . 
Gnlobldanj 




Jobo, (^Kmiliiu Intel f}... 

UadncdCM 

L)B)!a yiuhl, (nnd-iTDail) . 
Lccbe lie ViretD 



UcwiniU>, {Aeatia aralrica) 

Uon, ( Jlerui tiacuria) 

X>ra>i>a, {dlnu tutgaru) . 

Ocotcamarilla. IPintu Tariatntu)-. 

Ocoto bianco. (P. iTmbu) 

• CDldrado, (P. tranttiiaat t) - . 



Palma Tiicaja, (n 



Filma jDcalcoa. {Ohamitrept hiin 
PalBiaciiML, (JHtinttf onnHnii) . 
FalDbUncD, (uUn-wnodl 

Palo laria, iCsnIia gmucanlvidci. 
Palo do nua, (Ftencarjiui lantalii 
niDcnlilLt 



Sangra, (PInwaarfnH draco; 

TmarlwU, (IbnuriiKliu oaidiHlfait) 

Teprhnaso 

Taaebl... 



Zapote, iSapota n. 

ZapollUo 

Z<^>ilate 



..I JI"U 






I'ncISc plalnii ; r«diUsk, banl. loiigb, cDanx'-i^rafnnt. 

rnciOc pbln* i cbunf. nacil fur fiu-l in mnn.v plaiiv 1 

Faciflo plaini ; eny. flDo-crsiiK' J. brltllr, vtri Car funiltun> and i 

All lunia. 

AlUntic nldft 

All part§; vbLlo. wry tlj;b(, longb, ufn-rnl- 

I'lulUc Hlxpc. 

Chlnialaiu i cliciry yellow, luatroua eilky gnia. 

Parifin plaiua. 

Purine plains ; vn? narnil. Ixuliitiriil vmHl. 

Paciflo pbiiui; pluklnb, ai>n>Di<, toutib. e«"1 I"' t<-ii>ll Mraiun, di 

All part*. 

AlipnrMj tbo bnnWt Iithmlwi wnml 

■y, nni^sralnwL 



All pi 



i : bid 



Hible. 



{"aciBc nidi I bUck. banl, tooEli, bravy.yrlla' 
PaciSc tide ; yelloiT, Umg, tongb Kr>lu, xny 
I paciai- Hide 1 dark, timiih, hcsTy, forly tn-i hi 
< for precipitating indigo froni Ita MilulioD 
I flowrr*. GoUbrro duro. red Btmi-n. 
Pacific »idp i iho yellow roHowood, benulirul ■ 
AUpnrU. 



Tdlow. aupcrio 
Light, roalnonn 
^'bllinh yrllnw 
All|>arli>: Kild 
ic plalna. 



itnwely ■innblc. 

r, *lriil(;bt grain. tTHiimn*. tmi 
e-graihod, inedli-iii 



loiwlrily«lieinu 



■hI. n 



PoclHc jdali 

All pari* {Inokalikf 

Tbu lunlbrn;!- tm: 

AUparla; nah ciilnr. flue grain, lighi, 

lIoDDtain n-giuuk 



;lbi like viidrtn. 



n, hard, tnngb. hravy. 



l>n. 
<;oiilTnl port i ' 



Id ri.T llElil • 



Dol 



Iddnpft yrlliiw, like Ix 



wl. 



All partx: li;:lit, nniHitb ti 

East i>r CuBlionnb-iw. 

Pacillr plalHK; the ri'd and blmk vHrii-licn. 

l>ariAv |ilaiui: n-ddlib piirjili'. vi ry ban). riD< 

PariacpliaiWi liki->bu-kniiilH>~auy: lar;;i^li 

Albntlr plalna. 

AH pnrljsj very lough uiid bariL 

l>i^ 
All IMIM: lib; wulbnt. tiiugb, .llky gnln. 

I'aeilkridui liki- nialmgany, loiiiiliir, iiH>n-li 



: Hkv 1 



. l>aciHriiich-; purpi.. har.1. hfo 
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vX" HISl^ELLANEOUS PRODUCTS. 






V . i»-^- ...... 



k,.-. 



X .«»» 

I -^.;^ '.Va-WW 

CvmSX' 

r^.t, \"\^'^Asl^mt■tA^ 



'. -iK^tv.lAV \ Limonia tn/oliata) 

'. v'juoa \ (MfnM Ihnonum) 

M4iiH\\ rtJonwU*. (Laevma bomplandi) 

Mm\v\ ZdiH>t« 

\lauK>ucillo, {Mdicocca bijuffo) 

M JkUjilvv ( Mango/era domestica) 

Melon. {Cueutnu mdo) 

NAncUc 

Nanvja chinA, (C. aurantium) 

Sanja agnsi, {C. vulgaris) 

Xurqja silvostro 

Same, (I>vfcorea alota) 

I»x^uil, (Anacardium 1) 

Pnpaw, (Asamina triloba) 

rifia, ( Bronulia annanas) 

Piutia. or pinilln 

Platnno, (pUiutains) 

Guin<^o», (banoDas) 

Sandin, ( wat^rmclou) 

Tamarindo, (T. oceidcfitalia) 

Tomato, (LycoperHcum) 

Uvaa, (vory coarse graiies) 

Toroi^as, (Citras malM) 

Yuca, (Jatropka manHiot) 

Zajioto negro, {Dysojiyroa obtui;{folia) . 
miscp:llaxeou». 

Arroz, {Onjza gativa) 

Apio 

( "afisia 

Calabaza, (pumpkin) 

('acao, ( Thfobronia cacao) 

C.'ifo, (Coffea Arahtca) 

Cana azue4ir, {Saccharan officinale) 

Emqjaguo 

Fryolcs, (beauB) 

CJongibre, {Amonum zinziber) 

G nana, ( Cactus coecinelifcr) 

llirani-Jicara, {('recenlia cujcte) 

Maiz, (Zea mais) 

Miol 

PapaH 

Pimienlo, Qlyrtwt pimento) 

Tabaco de <M>iTal, (Xicotina tabacum). 

Tabaco ciiiiarron 

Kbatany root 

(^\ibcbu cnniim 



J 
>■ 






•a 

•a 
a 

1 

1 

1 
o 

2 
3 

1 

3 
o 

mm 

2 



2 

2 
o 



1 
1 
2 

X 

I 

1 



3 
2 
4 
3 



o 
1 



Many 
Many 



o 

*^ 

2 

3 

1 
Many 

2 
Many 

1 
Many 




Location and remarks. 



All pcuts ; delicious, healthy. 

All ports ; alligator pear. 

Atlantic side ; like caimitillo. 

All parts ; sweet potato. 

Atlantic side. 

Atlantic slile ; green and pnrplc varieties. 

Atlantic side ; green andpnrple ; smaller varieties 

All parts ; (Dysopyros obtiisi/olia.) 

Atlantic side ; leguminous. 

Atlantic side. 

Atlantic side and summit plains. 

All parts. 

All parts ; red and yellow varieties. 

Ik>th coasts ; cocoa-nut. 

Both coasts ; small nut. 

Both coasts ; small nut ; pig food. 

Both coiists ; small nut. 

North slope ; the white and rod gnava. 

Xortli slope ; tlio suur-sa]). 

All parts ; many varieties of figs. 

Pacific side ; used for pre8er\'es. 

All parts. 

Do. 
Gulf coast. 

Many varieties of lemons. 
All parts. 

Do. 

Do. 

Do. 
All parts ; great many varieties. 
Atlantic plains. 
All parts ; best at Chimalapa. 
All parts ; used as condiment. 
All parts ; many varieties. 
All parts. 
Pacific side. 
Atlantic side. 
All parts. 

Cactus fruit ; very pleasant taste. 
Great many varieties. 

Do. 
Coatzacoalcos banks. 
All parts. 

Do. 
Both coasts, and San Juan Guichicovy. 
Both coasts; coarse, large oranges, used for conserves. 
! All parts; excellent an-ow-root. 
All parts. 

San Juan Guichicovy ; all parts give a medium quality of rice. 

Chimalapa— celery. 

Pacific ]>lains. 

All parts yield poor article. 

Grows in all parts of excelbnit quality. 

Would bo excellent if properly cuUivatcnl. 

Varietios of 8ui>erior quality. 

Useful for cordage, paper, iSrc. 

The chief food of the Isthmus. 

All parts. 

Pacific Hide ; excellent quality. 

All partH ; indnces extraordinary contnietilc powers in the nterns. 

All pjirts : around Ti^huanti'jwc it i.s said they raise a crop every 40 days. 

A n oxoi-llent honey is obtained in great quantity in theChimalapos, from a stiugless bee. 

Qnitf-'infiTior to Irish potatoes. 

Southern coast. 

Of exr« llent quality at the Chimalapas. 

PiMir everywhere. 

PotroroHof Chichihua. 

All partH. 
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Fruits and bhscellaneous products — ^Contiuueil. 



Kame. 






Locaticm and romarkii. 



f riiaco ' \ All partH : n^cd for nmiko-liitr'i*. <-liol«'ni. Ao. 

Jacliion .*- \ All i>art8 ; vorj- abuuduiit ; iiwdiciiiul. 

.la(*alot4> jaUa All i»artri ; v<;ry alnintlunt ; iuc«1ii-iual. 

l^iiniA fuiwiafnui Alli»artft; of «'x<'<-)]i-ut quality. 

Li<iiiorice-root All parts ; of cxci'llcut qnalitj-. 

Paim ' All fiart A ; of f xwllt'iit (laality. 

SaraaiHirilla ; All part» ; luaiiy 8]M-<'ioi} of Biuilax. 

CF&IX8, OILS/ c;i'M8. ItALSAMS, ETC. | | 

I A^niacat**. { AUi^tor poar) 2 All part8 ; thf- fniit umh\ alM> am comnetir. 

I TSaLtamodvl Pi'Tu,(Mifrogpennum pcrni/erum) TabU'-landH and ]*a4-inc hIojm* ; at loafft two npccicii, on« l»lack. 

j RaLtaiuo do malats CliimalaiuH ; cjio<l for licalin;; woiindit. 

' Ccdro bianco, {Cuprfitvu thuy<tides) Cbimalaiian : aroiiuitic tijini, lii*alinf woandii. 

. Cimi'laa Var. on. All ftartH : luMliciujI ^inin. 

i Copal. (Hcdwirfia baUa m i/era) 3 Paeifir jilainA ; umtmI fur vamiiibeA. 

I Goapinbl. ( Catharto earpu*) 2 Tabli*-Lui(b» and Parilic kIoim* ; fraukinccnHe. 

: JabouciUo. (Saphido jtaponaria) 2 Pacific plains. Cliimalaiia : ns "d a» soap. 

' Jaboncillo. ( Bejueo de) (soap-rei-d) Cliinialapa ; nfle<1 aj* t<.-«.'tli-brushcs. 

, Lt>cbe de vir;»en All parts ; ft- vtT antidot<«. 

I Liquid auilier. {Stryax oJUinalu) All parts ; amber gum. 



I Hexqnitc, (Acacia Arabiea) 



Oco0«>te. (Arbor electrum f) 

I Palma de coco. ^Coe(^s nuc\fera) 
; Palma cristi, {Rieintu eomunis) 

Papaya. ( Caricu papaya) 



All parts ; fnimarabic, nsed in the manufacture of calicoes ; mnarkAMy aroouUle, 
virtlet wlur. 
1 Ct-ntral division ; amlM.-r. 

1 l>>th coasts : ofM-oa-uut oil. nsnl for medicine and hair-dremlnj^ 

2 Atlantic plains: excfll^nt oiL 

1 Atlantic plains ; um^I also ai cosractic. 



Pepita de melon, (melon-pits) All parts ; used U-r medicinal pnrpoaea. 

Pak> baria. {Cordia genucuntmdu) Atlantic plains ; usmI as ^loe. 

Palo mnlato All parts ; mctliciiial gum. 

: Petroleo PacificpLuns. 

Tremrntina. pcm. ((rrinu rW^TioM) Atlantic lii;;blaDdjt: turpentine. 

Sossafran. iLaurut taua/rat) Tab1e-Iau<l# : yields bubam and ml. 

rie. (Palode) {Siphonia ekurtica) Tbe India rubber tree, whicb jsrows everywhere. 

TAXXIX, PICKLES. ETC. 



I 

IVjnco amarillo 

Goamnchi 

Guayabo. / l^ytidinum pyr\ferum) 

Golabere 

llansle bianco. {Avuennia nitidat 

DTE«,t ETC. 

I Acuacate. iPtpitadet 

' Achiote. i Hun ortHanai 

■ Aplysia depilons. (Tyrean parplf > 

; Anilcimarrvo. (/adi^^o/fra ctfi«>y(i^4i 

Anil de Guatemala and cbiapas, < /. duperma i 

Axafran. iCartkamwi th»etoriat 

ItnuiL iCiXjaipint crista} 

Campecbe, i UtematoxHum eaiApdtianftm) . . . 

CafcaloCe 

Ebaaoverd*'. iChJ^froxjluMf 

, Guiaaehe 



1 
3 
2 
2 

o 

2 

2 
o 

o 

2 
1 
3 

jj 

1 
1 



Pacific ]ilain. 

Tablt-landa. 

All|iarts. 

Pacific plains -, oaed to precipitate indi^ 

.Ul parts 

All parts : tbe pita nsed ff *r markins cMbinc Ac 

Pacific plains : dy<'« srarlet. 

Pacific slwires : inncb e^t«f m^-d by the Zapatico women. 

Pa<ific plains: imlizo. 

Pacitic plains : iniliz^. 

All pan* : r»-d or yi-Ui»w. 

All part*: r«L 

Pacific ri'ltr ; black or purfde. 

Pacific «boro : blaik. 

I*acific slope : jrrc-ea. 

Tablelands : black. 



Nofial. I Caehu eoeeiitcii/trf Var eA. All parts ! cor brneal cacton. 



I 



I 



Palo amariDo. tMonu tinctoriaf 

Tnna de Fapafia 

Uale. iGcMipa Amcricanai 

VaimlfaL i TmnaUa aromatieat 

CLOm, CO£L*A<JE. ETC. 

AUpodooL tG^mypiumt 

Achiote. iBixmvreOamit 

Cciboo. tBorwtbmx pentandriat 

Coco, caaears de. « Coeo4 nmcifemt Var. t* 



1 
1 

o 



2 

4 



AU put4 : yt-lluw fustic. 

All parti> : sp^ci'-s of cochineal cartas. 

AIlpart«: black. 

Table-land, in vhvly plact^ ; dy^ b&fwn ; n*c«l a« medicine. 

All forts : fiof-. Ions flhi-r. 

All pjru : excellent quality. 

PacitJc "Ji-p*^ : ey !>nt quality. 

Pmtth casts : haiik pap^r has be^^n mannfartnrr«l from c«c<«-nnt rind. 



Var. t*. All parts : (-xt«:unvirly osr^l a« roiv-s. iu. 



TxtV. tBrowuUa tylmtrist 

Liso 

Pita, f/WwroM /irtida* 

Pita maguey. *Ayarc A -ncricanat 

i Palma d*^ aoaibrero. tCkamar^* ktmUU}. 

Trunk of the 
I 



. 3 
1 
3 
1 
1 
id tbe plaalaia Var. «« 



Ail jarts : •uj^r^r quality. 

Tabk -Und * : c- xc^ !!• s v tlsx 

All parts . ^xcH^ct qaality. 

Tabl*'-Ianii» : «'St.^l>ni quality. 

Tabl'-LuHl* . ^Of^iizsa quality. 

Ali part* : )npt:r of a »3perior quality has b««n maaofiKtored from this tna 



* Tbe castor -«il bean is aVnndast and of raiKri'or quality. 

* There are macv other dves known v* tb*» Icdiacs of ?»aa 



S. Ex. G- 



ICsf^a and SaaU Mafia. 
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Wild cat Very troiiblesoine to small game. 

Fox Very abuntlant noilli of Tarifa. 

Porcui)ine leather scarce on the Isthmus. 

Aquatic quadruped Color, dark olive-brown ; wen swininiing on the Coyolapa 

IJiver; round head; strong incisors; small ears; about 

eighteen inches long. 

BIRDS. 

RAPTORKS. 

Buzzanl Very common and domestic. 

Uawk Two or three species. 

Owl Several si)ecies. 

Eagle, (white-headed) llali;etns lencocephalus. 

Eagle, (bald) Seen at Salina Cruz. 

Vulture (Sarcnriinii»his papa,) i>olyliorus. 

pa>si:rine. 

Blue jay, crow, several sjMriesot" blackbird, kin^rbird, scissor-tail, twosiKH-iesofrobbius, several 
8|M»cies tit* thrushes, majipies, humming-birds, <iriol(*s, larks, gold-linches, &c. 

srANSORIAL. 

Several .*iiK?cies of macaws; blui», red, and yellow, and yellow and green [Kirrots; many parro- 
quets; two si>ecies of toucans; lovies; wo<m1 peckers, &c. 

GALLINAC-i:. 

Two species of crested cuninaws (Faican real andF. griton.) tinamous, wild turkeys, ehacbala- 
cas, partridges, quail, Si*veral varieties ol doves, pigeous, hens. &c. 

GRALLATORIAL. 

Saud-pi|K'r, terutero, bittern, curlew, heron, j^uana. ^:e. 

PALMIPEDES. 

Pelicans, frigatebiids. zopilotes, gallaieta, zamaraguUon, ducks. get*s4*. &c. 

REPTILES. 

Vam pirns spectrum. (*xtremely abundant at Santa Maria Chimahqia, and causing gn*at dam- 
age to man and animals; tortuga. alligator, lii<'oteo, niorroei»y. squana, lizanls, chameleons. &c. 

PfilS(»Nf)rs SNAKES. 

Coral, condillo, ma no de nictate, naviara, IicIk.* Siingre. nitth'snake. S4»rihi. vilN»ni, aspid. anchan. 
iiojaca, jiititea. cuh'bra verde, azuleja cobiiza. 

FISHES. 

Fishes are abundant in thecK'eanand the rivers. SjN'^'kh-il tnnit is most abundant in theupiKT 
IKirt of Cbie:i]ia RivtTand in tin* streams nt»rth and east of Siinta Maria. The ^'ImjIhi." a delicious 
lish, lives in imniiMisi* nund^-rs in the I'pper Coatza<*oalcos. It di-s4*ends to spawn in the frulf in 
the month of Novendii^r. 

lysKCTS. 

Insect-life lia> attaine^l in tin* I>thmu< an ineit-dlbli- d«'Veloiiiijent. The traiherw honiv. and 
menibranouslv win;:(*d trilM'sran U- eoiint«'d bv ihi' mviiatN. 

The most troublisiinii'' t<» man and 4'utt!i-.::i- thi* iiii»i{>:;ti>. /.ani'inln. rhaipii^tr. i:i*::*-n. rn^lailur, 
brm-a, talaja, zangano. ;:an*apata. liinnlilln. T.i;:n.i. iMiiix p«-]ifrr.t;j<«. , iii'i\.ii|uil. Ih-a. f-«ini«',M-ii. and 
,s€»ver.il kinds iif ant^. ri-ntipi-th-. M-oipiuii. gon- .Ij. tjiM:;- ;i!;i. miuMl. x-vi-r.d kirnN nf >piilrr"». «\<*. 
Then* is norlniifi.' iN-twi-i-n tluMu. all bfini; tniii^ au*] irirnfiii;;**. TIi«-v :ip|N-ai :ii iip)M*iiiti-«l honr<*. 
in suece>sion, and w'llU lln* jin-ri^itin i»f a uatrh. ln>4 1-(« i-i>!i«niuTi*d tin- ;:ii*ali*-l liiinNhip'* nn-l 
with iu uure\plfiratiiin>. Still, theix* i> no li«-itl nf inipiiry that will piu\e nii»refruiliul of di.>oiVfry 
than the study of the variation of s^MM-ie^ in the iuM-t-t-life of the Isthmus. 
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TABLE OF BAROMETRICAL ALTITUDES. 
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Table of bakoietrical altitude? — Contiiiuoil. 



Place of obscrvatiun. 






nAR<>MC1£:<MI. I'.\7.\. 



i.lU tilt- ill M. 



T!i' rvi^iiTii' ;• ."*. 
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A vl'^l:^' 

('iiri4* Kivt r. north cf Santa Maria . . . 
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TABLE OF NUMBER OF INHABITANTS, HORNED CAITLE, ETC. 

POPULATION. 

Ill the absence of reliable Rtatistics, the followiiiir tables of the number of inhabitants and horned 
cattle, &c., in the Isthmus, are given as mainly copied from the accounts furnished by Dr. Pedio 
de Garay. IJis statements were based upon his own estimates, the census of iJi'M, and informati(m 
rexjeived from the district prefects. I have moditied them to some ext^Mit whenevcT the infonna- 
tion received from the difterent town presidents or municipal records warranted the corix»ctions 
made. 

SOCTUEUN DIVISION OF THE ISTHMUS. 



Name of the town. 



San Catalina Misteqiiilla. 

Teliiiaiit«puo 

TIaootopec 

8antiai{0 LaoUaiga 

Chihnitan 

C(»niitancillo 

San Gcmnimo 

Iztaltr|icc 

Agpinal 



I 



•TnchitAU 

Iliiilotcpcc 

San ^[at«o del Mar 

San Maria del ^lar 

San Dioninio del Mar . . 
San FranciHco del Mar 

Zauati|>ec 

Ventptt di) Chicapa 

Tarlfa 

Santiago 

•la 



Chiv. 

1'ulan^.ina. Xochiapa, and Sarubia, luitH. 

San Miunel Clilmalufia^ 

Santa Maria Chimalniia 

Pi>tapa. (San Maria) 



IN'taiKi, (Santo Doniin;:o) 



Einnrio 

San Juuu Guiehicovi 



('OUSilR. 



V»I7 

14, 00 I 

300 

40^) 

:;o.) 

2.000 

i.av) 

403 

11,000 

GO 

GOO 

:u)0 

2j?: 
:4Ki 

1.V) 

50 

10 

70 

150 

400 

1.000 

1.447 

7W) 

l.iitW 

3,000 



UeniarkH. 



1^43. 

(laray r-stiinnted H.P34. 
(larar i>Mtiiii;i((Ml C8*2. 
(riiray cHtininti'd in \>*4^. 
(J amy jjivi-H '^Vi iu \x^\V. 

Gamy >;ivfs MCi in X'^AX 
(r.iray ;;iv«-s l..'>4ti in 1SI3. 
CJaray pvi-H .V>4 in \M'\. 
(iaray ;;ive*» 4..'kr: in \MX 
(J amy ;;ivrs Is' in IM:!. 
Garay yivi'H l..'i»H> in IH4.1. 
Gar.iy ;i;v«'M 14H in lt.43. 
riaray ^ivin in 1>43. 
Giimy :;iv«'« in 1H43. 
<^iai\tv irivcrt :)JG in IH3. 



Gamy pivoH 31R in 1813. 
Garay uivi-.H524 in 1>*43. 
Garay uivrs in 1H43. 
Gamy :;lv( s GJi; in 1H43. 
(iaray •;;%»■« inuMn lt*4:i. 
Garny uivvs oSKQ in If 43. 



PlantatiouH aud huU in th<« nonthem diviition of tlie iHtbmnit. 



I Uorncd rattle. 



Mai PaM\ in tbo year 1843 

San Xifolan, in the year 1643 

Zulcto, in the year 1371 

Jicaran, in the year 1843 

Salazar, in the year 1843 

NiHabit I, in t lie year 1S43 

Cit'na.:ra, in the year 1843 

Gai;r'> (Jhuni, in the year 1843 

Uio Grande, in the year 1843 

San Cmz and CLuio, in the year 1343 

Nanrluw, in the year I84:J 

Sautu D(miiu;;o, in the year 1371 

Fetapa dUtrict, (j,0(K) niih>8 are said to bt' owned l)y the Guiehieovi Indiann.) in the year 1^71 

Guichiluna, in thi» year 1843 

Chicapa, Tarifa, S:intia;;o. and Chivela, in the year 1871 

Ciplnal. In the year 1843 

Mnciiuital. in the year 1843 

Ixw Ccrrillos. in the year 1843 

Paao J^s^rto, in the year 1843 

nnammtlan, in the year 1843 

l*it»dro Grande, in the yt-ar 1871 

Son llarbara. in the year 1P43 

La Cbilana. in the year 184:1 

Cmuitancilln. in the year 1871 

Javbitan. in th«» year lir71 

Frenciiwo del Mar, in th.» year 1871 



STiO < 

1,000 I 

KW j 

1.000 I 

IJSI 

300 \ 

CO I 

50 ' 

mo 

Unknown. • 
150 I 

i.fcoo ! 

2. 5;:0 
•JO) 
14.000 . 
3,<N)0 ' 
'JOG 
400 
7i(> t 
rt) ' 
4.000 ' 
100 , 
100 
300 
14,000 
9.000 



I. 



REPORT 



OF TIIK 



HYDROGPiAPHIC SDRVEYS ON THE ATLANTIC COAST 



IX CUNXKCTION WITH 



A SIIir-CAXAL ACROSS THE ISTHMUS OF TIlHlAXTErKC 



IIY 



NORMAN II. FARUUIIAR, LIFJJTKXANT-COMMANDKR, U.S.N. 



S. Ex. i\ 1 1 



United States iSTEA>n:it Kansas, (Itli rate.) 

OffMinatillatt, .Mc.n<-<>, April )'>, 1S71. 
Sir : On tlio 2iitli of November, IS70, at 2.30 ]>. in., ( iirocwtlctl with tlic Kiiiisii.^ uniU'i" ni_v com- 
iiiaiul, to tile month of the CoatKiicoalcos Ilis'er, to inaiiff unite the snrveys, &c., directed by yoii to 
be innciv, iu your iiiKtinctioiiK to me of the lUtb ol" November. 

On thd following (liiy J made sevenil reconiiaiusanct-H, wilh a view toKelectasnitabloiilaeefoi'iv 
biise-lint^, wlii<;li wna liiially loeated on thti western shoiv, Jii^jit without the nioiilli of the river. 

Our work, once comnioiieed, whh earned on with all the energy and intcUiyonfc we wea> eaiiable 
of, and nothing bnt bad weather was 8uflere<l to iiiterfei-c with it. 
r a)i])en<l a gttiieral order I is-saed. 

It aflbnlft me nineh ploasnre to .say tlnit all the oflU-ers took alively interi'st in the unrvey,';, and 
wei-e ever ready and an.vions to take, part in them. 

Thy work of the day w:i« plotted on the K;nneeveniijg, and all bearings, obscrvation.'i, &e., wliieli 
did not seem to plot well weiv at oiiei^ i-ejecled, and the work gone over again the next day. 

In this way all donbt was iviuoved, and 1 eau safely .say that all the work is iK'rleetly reliable, 
and its aeeuraey beyond qnestion. 

The lines of sonudings of o, 7, and H> fathoms oil' the Gnlf i^hoiv were run by the Mayllower. 
Master Ilenricks commanding. 

I desire partieuhuly to comniotid Lieutenant Commander IIoll", exeentive otlicer of this vess<'l, 
who notwithstanding his many duties on board ubip, found time to lake a jirinninent and valuable 
I»art iu the surveys. 

Master E. W. Ileurieks, eommniuling the Mayflower, and Master .fames W. Miller, < if this 
vessel, wei-e partietilnrly zealous, (as was also my elerk, Mr. X. !■'. Clark,) and the praeti<-e Iheso 
oOU-ers have had in this ittipnrtant part of their iirofe^sioii will make their serviees always valuable 
to the (Joverninent, the more .-io now. 

Thevateh ollieer-s. Lieutenant linpey. Midshipmen Ludlow, Milliiiiiin,and Ellery took siieb partn 
as they were enabled to do when off wateli. 

The eharts were made by Sir. K. Somers, the aeeomplisheddraitghlsman of llie K\|>et1iti»n. 
With each chart yon will lin<l su<-h notes, data, &e., as may be useful. 
I am, verj' ivspeetlully, your obedient servant, 

X. II. FAKQlTII.Mt, 
LicHhmtitl CoiHimimltT, i'liuiniattiliiig. 
Captain 1!. "\V. SiirFKLBT, V. S, N., 

Cvaimandhiif TihiiKiitr^Mt: ttnil yicariuiiio Siirrrifhiif Kqiflitinn, 



GrXKRAI. OnKER. 

1. Shore party, and to survey Tierni Xueva and La Ihirilla. Lieutenant Ceminauder Fanpdiar, 
Master Miller, and captain's clerk, Clark. 

2. Tliu baraudsounding.-<, ineluding tidal observalioiLs, Lieutenant Commander I lolV, iiivbarge, 
nsttislcd by all the ofli^-ers. 

:t. Astronomical party to det<'rmine latitude, longitmie, varialinns of Ihe compass, Ji:e., Master 
3ililler in ehargi'. 

4. Tlift crew will breakfast early, so that the partie.'! may lie in i-eadiness In Ie;ive the sbi|i by 
OJUI n. ID. or latest 7 a. m. 

5. Work will be stopjK'd, when practicable, al 11 a. m., and re<-ommen<-eil at i' ji, m. 

li. Thu executive ollicer will see that all lioals aiv supplied (\iili water, ajid anchor, h-ad 
liiiu and com(Kiss; the crews to wear straw hats. 



^4: TKIirAyTEPIX CANAL SURVEY. 

7. Thcicoinrnaiifliiij^ iiflicer woiiM impress upon tliff ofticHrs tin* uewssity of teing very precise 
and amirate in their work and ol>.s«.T\ations, and he direct.< that do doubtful or uucert^iiii work be 
recorded. 



Umtkd Htatks STEA>n:K Kan.sas, 

Off CoatzacoaUfjs, Mexico^ Xoremhcr 25. 1S70. 



y. U. FARQUHAB. 



CHAPTER I. 
Tin: BAR. 

T?io bar and harbor of Coatzaeoalcos were surveyed durin<;^ the luonths of December, 1870, 
and .January, 1S71. The topo;;raphy is by myself, assisted by Mr. N. F. Clark, captain's clerk, 
and Mr. K. Soniers, drau;;litsman. 

The hydro;;raphy by Lieutenant Commander Ilofl', assisted by Lieutenant ImiK-y, Master Alli- 
bone, and Midshipmen ^lilliman. Ludlow, and Kllery. 

The latitude, loii<(itude, and variations of the compass weix.* determined by Master J. M. Miller. 

The li;^lit-house was the station at which the observations were made. The variation of the 
compass is decreasing, and if we re^anl that determined in 184S by the party under the command 
of Lieutenant (.-ommandin^i; Leijirh, of the Cnited States brig Stromboli, as correct, the annual 
deereast* will be about 17'. The J'^rench chart of ISOl would give 8', which latter result is more in 
I'onformity with that given by the chart of this coast i*ecently issued by the Ilydrographic Office iu 
Washington. 

A parallel to the base-line was staked <mt on the level beach, then carefidly measured several 
times with a chain which had been adjusted, an<l the residts of the various measurements differed 
not more than a very small fraction of a link. This was freijuently verified by measuring betwcH^n 
the diiferent stations with a tape-lint*, and in every case the measurements by oiu* chart agreeil 
with that given by the line, a gratifying result. 

The azimuth compass belonging to this vessel was used exclusively for measuring the various 
angles; the readings were taken from the a/imuth circle, an<l the bearings also by comiiass. I 
regard this instrument as mneh superior to the sextant or the ordinary su^^•eyor's compass, for 
such purposes, for the instrument h*vels itself, the angles read are always horizontal ones, and the 
instrument does not get out of adjustment. 

The steam-launch was used principally in ruiniing the lines of soundings; bearings were taken 
at each end of the lines, and a uniform speed maintained. The soundings were taken at regular 
intervals. 

To obtain the eastern and western extremities of the bar, I caused the launch to anchor at these 
places, and took bearings on it, from both ends of the base-line, thus checking the bearings taken 
from the boat at the* same time, and locating these very important points with great precision and 
beyond all doubt. 

The soundings are all U>v low wat(T, and develop the fact that fourteen feet may cross the 
bar with safety, and by arranging buoys iifteeu feet. Buoys should be placed at the eastern and 
western extremities of the bar. 

The bottom is every wh(*re a stiff day, with a very thin coating of sand ; no rocks or hard sand 
have been encounten»d. 

The tidcH are of the diurnal type. The tinu* of high water at full and change is at 4 p. m.; the 
greatest rise and fall two feet; mean rise and fall, one foot. 

It is to be ol)s<*rved that tlnj tides are very much affected by the wiiuls and the current of 
th(^ river, a norther usually causing very high water, and a southwest wind the contrary. 

The wiiMls also affect the times of high water, and rend(»r it almost impossible to find the 
lim<» of high water by any of the known methods of calculation. 

The best anchorage is abreast the town, in about seven fathoms of water, or, if you expect 
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a northcT. aMvo the t^^^:. uzAfrT the ler '.*f the '7r,'mm]^ : th*r b«>M:::::'iT /'::.•; :- ::••••]. -ii.'! ::■» •! . ::J«t »A 
dnigiriiit: the aK».-L*"»r. "w::':! it:i «tpri:njry >»:»•]»- of * L ::r. 
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I proooodod jisfariip tlio river as I could, lin<1iii^ iiivjiiiably Ir.ss watfr tliaii Is \m\ d<i\vi. on ilu* 
chart. With the exception ot leavin«r out a small island, the river, as laid «lo\vn u\u}u tin- rliail, is 
correct. 1 was able to ascend the A])otzongo branch of the Cuatzacoalcos liivrr to wiihin thr«*e 
and a half miles of xMmagres. IJere I was stopped l»y thive leet and a half watrr. sandv iMMtoni. 
banks cpiite low and shelving. The tide ascends t(» beytMid this point, with abtiut four inclio risi* 
and fall this season. 

Finding I could not reach Alniagres. I returned and entered thelirazo Mi>ian by tht- northern 
mouth. lu this branch I found generally more than is i»ut down on the chart. Tlsr river, however, 
is laid down pei-fectly. and ju'oved most excellent to run by. I was sIopjmmI by shnal water in this 
branch about one sea mile above the village of (laleras. The tide also aseenils lM-\(ind I his ]Miint, 
with about five or six inches rise and fall. Abov(» the branching of tin* rtmizaeoah-os liivi-r are 
many snags, sand-bars, and rocks (generally un<ler water or just awash) of liinestone, covered w'nh 
clay. 

Inclosed are thecours«*s, (magnetic.) depths of water, and distance run. with reniaik> neei-ssary 
to plot a chart. I also inclose a cross-section of the river at the highest point reacheil in eaeh. 
branch, and a tracing of the map, with a few remarks. 

My thanks ai*e due to First Assistant Engineer John Turdy. and Midshipman F. Lr.dlnw, 
U. S. N., for valuable assistance during the reconnaissance. 
Veiy respectfully. 

WM. r>AiNHiMi)<;i: iioff. 

LimUnant C*nnm(indn\ ('aiU*! Shifts Xnri/. 
Lieutenant Commander N. IL FarijI'iiar. 

Command in ff rnitH Stafrs Strnnur Kttn^as, 



CIIAPTEH IV. 

THE COACIIArA KIVER. 

Tliis river was surveyed in the month of Ih^-endier. l>7ii, by a ]»arty consi>ting of Lieutenant 
Commander N. IL Fanpdiar. ■<'ommanding Kansas. [Master .L >L Miller. First As<i>ianl Engimi-r 
John Purdy. and captain's <-lerk. X. F. Clark. 

The survey was made by means of the patent log and com]»;is^. steaniin;; at a unilnrm r.ite ••f 
Ri>eed. noting the eours4*s and the times run on them, ehei-king tins*- from time to time U\ observa 
tions on shore. The sfmntlings wi-re also taken at regular intei vaU. 

We left the Kansas at the bar J)t*cember IL At >rina;illan wi* \vi-redel:ivi il two d;ivs. seem- 
ing the services ot a pilot, and in ct»mjileTiJi;: our preparations. 

Leaving Minaiitlan ihcemlMrr 1 L at 1».1.'» a. m., i:i the >teanilai::;i h. wi* piiM-»-iili d up the 
Coatzacoalcos a distanee of ij miles. tt» the mouth ot the Cnacliapa, v. l:i«!i u«- «•!.:• it-d ;;r '.•.."•li a. ni. 
on a course southeast one-half east, the width oi' tin- river at this point U ;;:-^ ab.Mjt two hundieil 
feet. 

Proceeding U]»the (!oa<'ha])a a distani-e of ."»A mih-<. wr aiiived a; the rainlio ot" litifia riotilili* 
Baldwin, situated on a series of quite high blulVs, mi the ilght bank of ih»- >i:eam. Here we tar- 
ried a ."ihort time, and olitained what information wr eould braring uimiIi the .-:::v«-;.. 

We then eontinued our eoursi* uj* stream, passin;i:. ti:*i, San Cii>*i«>'»ai. ilie !:ii::i>i vill;..!- nii 
the river, 5.J miles from Dona Clotilde's; next, l.l n:iles fait her on. the vil !.!;:•.• nt Ania>i|i:i:<*. aiid 
reacliing in the evening the raneh«» Capalajia. on the lijiit bank of the livi-i. Jlj mib-s I'loiii it-. 
mouth. Here we remaine*! ov«r ni;:hi. 

Cp to this point \\*' foumi the iJM-r fiom l.^o to lmmi i.-tt v. id*-, aiid. v%i:li a :» v. ■•\'i'.-j.::.in^, tin 
water from 10 to 1^ feet in dejith. no very shoit be::d-. bir !»-'\ >iia;:'«. it::i! -.ii;. lii?li- «lebri^ or 
drift. 

Leaving Capa]a]ia at 7.1."» (^u the mi»ining of the l."»ili. wi- beg.ii; in i\: •-;!♦ i^i •• >»:;..- diiiieiiliy 
in our movements up the stream : snags and sawyers were i neount»-red ail liav. ami al^-* sevi-n.:! 
. bars, on which thr water was I n\ .HA tti Ah lee: in depih. 
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The river also becarae very w indinj? and circiiitoiiR, and in many places the bends were so 
short that it would be impossible for even a small vessel to pass around them. The convex sides 
of all these bends were observed to be invariably sand-banks. 

In many places we found snags and fallen trees extending from the banks out into the stream, 
and generally considerable debris and drift were accumulated around them. This debris was for 
the greater part composed of i)ieces of decayed trees, underbrush, &c. 

At a distance of 9J miles from rancho Capalapa, the river divided. Proceeding up the left 
branch a distance of nearl3^ one mile, the water became so shallow, and we encountered so many 
bars, that we were compelled to turn back. 

Wq then entered the other branch to the right, and soon found that it was the main one. Our 
progress was slow, however, and very much interrupted on account of the snags, sawyers, and fallen 
trees we encountered, and we had not proceeded more than a mile when we came to a point where 
the channel was obstructed by a large Allien tree, which it would be necessary to cutaway in order 
to make a passage for the steam-launch. It now being rather late in the afternoon, we built a 
camp, and remained in it over night. 

The next day (IGth) we made a reconnaissance in a canoe up the river to the mouth of the 
Rio Coahuapa, distant about a mile from the camp. In the mean time we had one man at work 
cutting away the fallen tree and clearing the channel. 

This being accomplished, we h^ft our camp on the morning of the 17th, in the launch, and con- 
tinued our course up stream, passing the Coahuapa coming in from the left, which was in a ver^- 
low stage— too low, in fact, to enter it with the launch. 

With considerable ditticulty we reached a point 11 J miles above the Coahuapa, or a distance 
of 44i miles from its continence with the ("oatzacoalcos. 

Here we found the river completely obstructed, several large trees having fallen into the 
stream, and extending entirely across, both under water and above the surface. 

Not deeming a further exploration of the stream of sufficient importance to warrant us in 
undertaking the removal of these obstacles, which would have been attended with no little delay, 
as we had only limited means and facilities at hand, 1 decided to terminate our reconnaissance at 
this point. 

In some places the banks of the river rise to a considerable height, forming bluffs, and in these 
localities rocks and largo sandstones were observed. But with these comparatively few excep- 
tions, the banks on either side are low, and the general appearance of the stream resembles a 
canal rather than a natural river. The rise and fall of the water is considerable, being in many 
places as much as 18 to 20 feet. At San Christobal, for instance, where we found from two to two 
and a half fathoms of water, we were told by the natives that in the dry season it falls to the 
depth of 7 feet, w^hile marks on the banks and trees gave evidence that during the time of freshets 
it rises some 12 feet higher than our soundings. 

Our pilot informed us, also, that up as far as Coahuapa, the river is at times so low that even 
canoes cannot pass up, and are frequently hauled overland for some distance. 

In the times of a freshet the river overflows its banks, and the whole country is more or less 
inundated. 

On our way down the river we visited a remarkable cave, petroleum lakes, and salinas, (salt 
springs,) all near the villages of Amasquite and San Christobal, and about a mile from the river. 
They were also visited by Surgeon J. C. Si^ear, the naturalist of the Expedition. I leave it to him 
to report upon them. 

We reached Minatitlan, on our return, on the evening of the 19th of December. 



CHAPTER V. 

THE USPANAPA. 

On the morning of March 9, 1871, Lieutenant Commander N. II. Farquhar, commanding Kan- 
sas, with Surgeon J. C. Spear, naturalist. Master E. W. Uenricks, Second Assistant Engineer 
George Cairo, and N. F. Clark, captain's clerk, left the ship in tlie steam-launch, to make a survey 
and exploration of the lUo Uspanapa. 



J 
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It was survoyod on the saino ])lini as the Coiicliapa. 

At 10.5 a. 111. we entered the l]'s])anai)a ; width at mouth, alxnit riOO IVet ; hanks on either side; 
low and niarsliy. UsiKinapa Ishuid, three niih\s Irom month, has a rhannrl on <Mtlier side.' 
rroceedin;;»: u[) stream a distance of llj niiU's, we reached the month of the KMo (MiirliitfajKi. eoinin;,' 
in from the* westward, and havinj^ a widtli of soiin* ">() feet. AVe made a reconnaissiinee nj* lids 
stream al)out three nnles, and found the banks hnv and nmrshy, and lined wilh a tliick «^rowth of 
imderhrusli and trees. Beyond, a distance of one mih^, we found no current at idl, the stream 
resembling a lagoon rather than a river. The water was very muddy, and was fix)m iw4» to four 
fathoms in depth. 

Keturning to the Uspanapa, we continued on our course up that stn^am, arriving at 5. IS p. m., 
at the rancho " !)(» la Concepcion." Here we ]>assed the night. 

On the following jnorning, at 0.57, we took our departure, with a pilot and guide on iMKud, 
named (laudio Ramos. 

A short distance above rancho ''Dehi Concepcion,'' on the w«'st bank of the river, is ihr site of 
a French <'oloay settled in 1S28. Up to this point the banks of ihr river on btith sidi-s are giMu-r- 
ally low, and becoaie inundated in the time of Ihiods. 

Above th(» French settlement the banks on the right l>ecom(» higher, and generally inereasi* in 
h<Mght, and on ivaching '^Santa Maria del Carnien," a small village on the (»ast bank. 1- niih's above 
rancho ''I)e la C;)nc:»i)cion," they bi:Ct)nie (piite high and steep, bcMiig coini)osi'd of elay and sot'i 
stone of sandy formation. 

At 11.05 a. m. we reached the rancho of Jose Maria Kt>sali. situated on tin* east bank of the 
river, 14A miles above the rancho Concepcion. Here we stopped a short time for the purpose of 
taking observations. 

Starting again at 12.22 j). m., we continued on our course nj^ stream. We had j»roceeded a 
distance of but two miles, when we ran aground at a point where the riv4»r is very widr. At such 
places we invariably found the water very shallow. 

We were two hours in getting olV, and finally found a channel at the east side, with from U> 
8 feet of water. 

We now began to enconnt(*r snags and b:irs, an<l pro'.M-.bMl ou our way with considerable dini- 
culty and fre(pient interrui)tions. At iir^} j». m. we again ran agn>und. Distant from rancho 
Concepcion 23 miles, or from the mouth of the river 42^ nautical miles, and about on«'-fourth mih' 
below '' Playa del Tigre.'' 

At this point tin* river is very wide, (from 5(K) to 000 iWt :) the water vtMy shallow, (from 2 to 
4 feet,) with sandy bottom, which is continually shifting. Hen* we j)assed tin* night on boanl the 
launch. 

On the next day, the 11th, we worked all day long, endeavoring to get oif tlw baron whiih we 
Lad rnn the night previous, but the samly bottom shift<»d to surh an exti'Ut and so ra]»idly that we 
aceoHiplishecfbntlittle, andat night found ourselves still aground, having moved but a short disfann-. 
Duiing tin* day we sounded in our canoe, and found there was not by any means snflieieTrt water to 
enable us to i»roceed any further up the river in tin* .•^team-launch. This was eonlirmed by natives 
]>assing down the river in canoes. 

On the 12th we continue<l our eflbrts with renewed energy, and linaliy, at 1 p, m., got fairly 
stalled down stream, and at 5..*>0 p. m. reached the rancho <»f our n4*w pilot. »lose ISIaria l^osali, 
wliert* we passed the night. 

On the forenoon of the l.'Uh we made a reconnaissann* in ranorsu]»the Kh)Te('uanapa a distance 
of two miles. This small stream llows into the rsj)aiiapa from tlir i-aNtwaril a s!ii rl di>l:!nre from 
the rancho, and has its sourct* in a lagoon of the same name, about ilir* <■ mil.- :ii::i thr I'.spanapa 
Island. Our objcet was to visit this lagoon, but we were nn;ibh' to thi so, rvcn in or.r >:.::ill «-anor, 
on account of the shallowness of the water and grisit nunibir of l':dUii trt-fs wr eijr.Mjn:;-, -d. Tin* 
Tecuanapa, (si> <*a lied from the fact that a eeh-braled Indian rliitt. T^m ij;iM, \\.»> Uiiitd upon its 
banks by a tiger,) is a very small stream, its width bfing not nmre- than lo to 2o Irrt. au\ dtpth 
from 2 to I feet, wilh many very shoal places. 

We returiu'd to ram*ho Kosali, and ((H»k our departure in Nteam-launch at 2 p. m . airivitig at 
5.50 p. m. at raiu-ho Concepcion, where we passed tlie night. 
S. Kx. 41 12 
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On the morning of tlic l4th, at 0.35 a. in., we stalled ou foot to make a recoiinuissancc of tbo 
lagoon Mexcalapa, tlie soiircu of a stream of the same uamo flowing into tUo Uspanapii from the 
eastward. 

The lagoon is about one league distant from the ranuho, and a walk of forty minutes, througli a 
magnificent forest, bniu^ht ns to its shores. It is a beautiful sheet of water, having a length of 
about two miles and a width of one and a half miles. 

Wei"etumed tothelaunch,andat9a.m.wereunder way for Minatitlan, which place we reached 
at 3 p. m. 

There was little or no dt;bris or drift observed in the river as far as our survey extended, except 
where the river was uunsually wide and shallow. 

The flood-mark measured on the trees and hushes along the banks was 13 feet above the stage 
of water we foiiud, and where the banks are tow the whole smTountling country is inundated during 
the wet sejison. 

From the mouth of the river up to muelio del Carmen, thirty-two mile*, the soundings show 
from Jive to ten fathoms ; above tliat point they gradually decrease, and in many places 5 to 7 feet 
was the deepest water obtiiined. 

The nmp known as Barnard's Siiney of Ibis river, made in 1851, is very conx'ct, and the oidy 
exception lean make is that nearly allot the high land is represented too high; but tlie turns, direc 
tions, lancbos, iitid an'oyas are faithfully lai<l down. 

I was very mucli disitppoiuted in not finding the river navigable to a greater distance, having 
been led to suppose that there would be no difiieulty in tuicending at least one hundred miles in the 
steam-launch; but the truth is tliat the river, from its great width and clear water, has deceived 
those who have only traversed it iu canoes. Of course, during tho season of high water or fresh- 
ets, the launeli would no doubt be able to go fifty mites furtlier. 

The soil is very rich, and adapted to the cultivation of the fruits, vegetables, &c., of these parta. 

The extent of the tides dejiends upon the season of the year. We experienced them as far aa 
w© went, hut this was the commencement of the dry season ; during the wet season tlie tide is not 
perceptible. 

Where the water was shallow, the bottom was found to be of a sandy nature, which changed 
into mud as tlie water deepened. 



CHAPTER VI. 
SEA-COAST FROM TONALA TO BARILLA. 

The shore-line was surveyed in the month of January, 1871, by Master E. W. Qenricks and 
J. M. Miller. The whole distance was chained, and the courses taken by a surveyor's compass. 

The lines of soundings were run by the United St^itcs sloop Mayflower, Master Hcm-icks, com- 
manding, in the month of February, 1871. 

These lines were plotted by nieam; of cross-bearings from established points and from the courses 
run by compass. 

On all the charts I have cousuU^^^l, including tho last one of this coast issued by our Hydro- 
graphic OtKce iu Wasliiugton, the position of Tonala is put down too far to the eastward ; many of 
the merchant vessels have complained of this, and two of tliem to my knowledge mistook Tonala 
for Coatzacoalcos on Ihis account. 

This survey has develoi>ed the fact that tho position of Tonala has been laid down nine miles 
too I'ar to the eastward of its projier position on the chart. 

The currents are quite variable, and depend much uiwn the prevailing winds; a norther creat- 
ing a strong easterly current, an<l bt;fore a norther or with a southerly wind, a westerly current. 

1 append the reports of Masteis Ileniicks and Miller. 
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United States Steamer Mayflower, (4Tn Kate,) 

Coatzacoalcos Rirer, Mcxiat^ January 21, 1871. 

Sir : We have the honor to report that, in obedience to your verbal order of the 18th instant, 
we have run the coasMinefrom the mouth of the Coatzac^alcoH Kiver to the went bank of the river 
at Tonala. 

Inclosed is a table of the courses run and the distances on each, in fi^et. The line was nin at 
nearly high-water mark. The beach runs back about 120 feet from this line, and from this a line of 
hills rises about 30 feet, covered with a thick growth of bushes. 

We found six streams of water: the Colorado, 120 feet wide; Gavilan, 148 feet; Kabon, 78 feet, 
and the Tortuguero, 15 feet. The others were merely rivulets, without names. 

They are all open to the northward, but, after running back alK)ut 100 feet, turn to the eastwanl, 
and run parallel to the coast. The larger ones might be useful for watering ships, but only in very 
smooth weather, as the breakers are too heavy, even with a moderate breeze, for a Iwrnt to get in. 

With a moderate breeze there are lines of breakers the whole length of the beach, extending 
about a quarter of a mile from shore. 

There is 9 feet of water on the bar at Tonala at low water, with a rise and fall of tide alKiUt 3 
feet 

The river at Tonala, measured between stations 48 and 49, is 589.2 feet wide. 

The total distance from No. 1 to ]So. 50, is 10 miles 1,129 yards. Station 40 is just abreast of 

the wreck of the Cromwell. 

Very respectfully, your obedient 8er\'ants, 

E. W. HENIMCKS, MoMicr. 

J AS. M. MILLEi:, MaMtcr. 
Lieutenant Commander N. H. Farquhar, U. S. N., 

Commanding United States Steamer Kansas^ and Senior Officer Prcnent. 



United States STEA^rER Mayflower, ( Itii Rate,) 

• CoatzacoalcoM Hirer ^ MexiitK January 20, 1H7L 

Sm : TVe have to inform vou that, in obedience to vour orders, we have run the coast line from 
the month of the Coatzacoalcos to the east bank of the Harilla. Inclo«<f<l is a table of the 
courses run, and the distanci* on each, in fi?et. 

The coast is much more abrupt than fn>m Coatzacoalcos to Tonala. 

The hills rise to about the same height, but for srmie distance fn>m the iroast tliere is no vege- 
tation except on the banks of the streams. 

There are quite a number of small streams running back from the coast, but all fvi small as to 
be of no use for any puqwse. 

As you approach Barilla, the hills are much nearer to the water, leaving a Ix'ach of only a1>oiit 
GO feet. 

We found 4 feet of water on the bar at low water, the risfi and fall of tide aUiut 2 fwrt, thongh 
wc had no means by which to determine it accurately. 

The river I>aril]a runs from the coast nearly west, but alxiut tliree-fjnarters of a mile fnmi lin 
month it bends to the northward ; its conrsi* then is al^mt northwest by west. 

Knnning from the mouth of the Barilla is a bayou, w Inch nins lu^arly ])andh'l to tlu* c^jast for 
two miles*, when it ends very abruptly in a fn*sli-wrir' r stn-jun. al><»iit four inchi-:* th-^-p: up to this 
IK>int the water is from 1 to 2 fathoms deep, and is salt- It is ralh-il •• tlj<* old month of the Tierra 
Nueva." 

There is about a fathom of water at the month of the Barilla, but it AurdU very rapidly to the 
turn, where there is only inches. 

The natives iufoiined us that at high water a cancx: might get thn^ugh to the Cf/a*zac/>ah»f». 
but thev could not take us. 
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Tlie width of the river at it^ iiioutli is abmit 400 feet. The whole (listiinee from otiition 1 to 
Btatioii Sy is 12 miles 7^4 yards. 

Very rcspecti'iilly, your obedient sfrvaiits, 

B. W. HESKICKS, Afaster. 
J. H. MILLEU, Mmter. 
Liuutenant Commander N. II. EAityuHAii, 

Command iiig United States Steamer Kansas, and Senior Officer Prevent. 



CHAPTER VII. 
NORTDERS. 

The aeasoQ of these mncli-dreaded winds commences in October and ends in April, being most 
frequent in the mouths of Janmiry and rebruary. The interval between enccessive ones is I'rora 
fonr to ten days. 

Tliese wiiid.s, I- think, are not as dangerous in these parts as is generally supposed, nor are 
they entnigh so to waiTiiut the high rate of iusurauce charged. 

In my opinion, most of the vessels that are lost are so on account of bad mamigement ; for the 
wind itseli', which is never more than north by west, and more often northwest, together with a cur- 
rent setting to tlie eastward, enables any ordinary vessel to get over to the Campeacby Banks, 
when.' the sea is smooth, the wind does not blow so hard, and a good anchorage in as little as three 
fathoms if necessary. 

The proper thing, then, to do if caught in a " norther," if it is not considered prudent to cross 
the bar, is to stand to the east ou the porttae!:, until a sufficient offing is reached ; then heave to on 
that tiivk, oi-run over to Campeachy and anchor, and on no account to heave to with the ship's 
heaii to the westward, for the current and leeway will certainly set the vessel ou shore. 

The barometer is the most reliable indicator of a norther, and so certain as it falls, so certain 
will thcro be a norther during these months; nor is it necessary for the barometer to fall very 
niuuh — a tenth or two is sometimes all it falls for the heaviest northers. 

The time which elapses between the northers and tlie eomniem^mcut of the felling of the baro- 
meter varies from twenty-four to forty eight Iiotirs, which ought to be sufficient warning. Do not 
be deceived by supposing that the falling of the barometer is due to the southerly wind, which may 
be prevailing at the time, for this wind is almost invariably followed by a norther. The range of 
the barometer in good weather is between aO'".l(l ami JO"'.liO; when it I'alls below the former, look 
out for a norther. It freiiuently falls to :i!)'''.80, and during the norther rises as high as 30'°.50. 

I have not been able to connect the intensity of the norther with the fall of the barometer, for 
the wind has been just as strong with the barometer faliuig on to ;K) as when it fell to a9>n.80; but 
I Iiave ob.served tlnit the duration of the imrther may be companitively known by the (all of the 
barometer ; when it falls slowly, and a great deal, you may e.\i)ect the approaching norther to last 
at least three days; so when it falls Kijiidly, and cmly a tenth or (wo, the norther will most likely 
last not more than twenty-four hours. 

Just before the norther comes the barometer ceases to fall; and when it has reached its 
height it ceases (o rise, and as the wind and weather moderate it assumes its normal stand. 

Among the signs of an approaching norther are Monnt San Martino perfectly clear and its 
outline sharply defined, birds, such as buzzards, Hying unusually high, aud a fresh south wind. 

During the winter months the northers are accompanied with much rain, and the weather 
very disagi-eeable. 



o. 



11 E 1* O R T 



OF TlIK 



HYDROGRAPHIC SURVEYS ON THE PACIFIC COAST 



IN CONXKCTIOX WITH 



A SHIP-CANAL ACROSS THE ISTHMUS OF TEHUANTEPEC. 



BY 



ALFRED HOPKINS, LIEUTENANT COMMANDER, U. S. N. 



»^(MC 



United States Steadier Cyane, (3d Eate,) 

San FrancUfco^ California^ June — , 1871. 

Sir: I have the honor to transmit herewith the charts, field-book, remark -book, &c., &c., of 
work performed by the ofiicers of this ship, iu accordance with yoiu* instructions, given hist 
February. 

The survey of the Upper Lagoon occupied a k)nger time than I ha<l iuiticipated, as it was 
impossible to work during the time a norther was blowing, and about two weeks were lost from 
that cause. 

I hope the results will be satisfactory, though I fear that the plan of making a harbor in tlic 
Tipper Lagoon will be impracticable on account of the exi>ense, a vast amount of diedging being 
required before it could be accomplished. 

South and west of the islands in the lagoon is a large basin, with from 18 to 21 feet of water. 
The bottom is soft sand and mud, and could be readily dredged out to any ix»quired depth, provided, 
of course, that the soft sand is deep, and not merely a thin deposit over a rocky bottom. The latter 
appears to be probable, from the character of the surrounding country and of the islands, but we 
had no means of ascertaining. 

A serious objection is the diflficulty of making an entrance into the lagoon. The natural 
entrance, the Boca Barra, is utterly impracticable. The current is very swift, so rapid that boats 
coidd do nothing in it, and the sea breaks a jnile from the beach in moderate weather, sending in 
a surf that was impossible to work in. No perceptible tide was found to exist in the lagoon, or iu 
the Chicapa Kiver, the only stream which was running, a description of which will be found in the 
remark-book of the Expedition. The bay of Ventosa I consider entirely unfit for an exit for the 
proposed canal. It is entirely exposed to any wind from east to west by the southward, and more- 
over is rapidly tilling up with sand, as I was informed by persons acquainted with tbe coast. 

The shore-line is now very dift'erent from that given by Mr. Trastour in 1850, the bay having 
become much less deep than it was. 1 was unable, from the want of provisions, to remaiii on the 
coast long enough to make a thorough survey of the bay of Ventosa, or of any points to th« 
eastward. 

The bay of Salina Cruz appears to me better adapt^^d for an exit than any other point in the 
vicinity. True, it is not by any means a harbor, Jincf has no protection from any wind but the 
northers, but the holding-ground is good, the best I have found on this coast, being a tine siind 
and mud, into which an anchor soon sinks. 

Dui'ing the time the Cyane was in Salina Cruz Bay — over two months — we had no wind from 
the southward strong enough to require a second anchor let go. I was informed that durmg the 
rainy season, i. c, from May to November, it sometimes blows strongly from the south-southwest, 
and occasionally heavily from east-southeast, the latter lasting only a few hours, the gales, however, 
being more of the nature of squalls. 

It would be, in my opinion, perfectly pmcticable to build breakwaters that would make the 
bay entirely safe as an exit for the ])roposed canal, and also a safe harbor for shipping to await 
their turn for making the passiige. 

A curved or half moon breakwater, from the rocky western point of tbe b.iy (marked II on the 
chart) to a point a little south and east of the buoy, would be. a protection against winds and sea 
from south-southwest; and, if thought necessary, a short breakwater, extending scmth-southwest 
from the eastern point, would aflbrd shelter from east-southeast s<pialls. The latter I consider 
hardly necessary, as there is never much swell from that direction. During the two months the 
Cyane was in the port, there was a long swell from south to south-southwest, and this is the only 
swell that ever becomes important, according to my own observations and information fn)m natives. 

There ai^e not so many soundings on the chart of Salina Cruz as I should like to have taken, 
but I had lost all boats but one, and, being very short of provisions, was obliged to leave the work 
unfinished as it should have been done. 
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The zeal and effieiency of the officers of this ship associated with me in the severe labor of 
this survey, deserve the highest comuiendatioii. 
Very respectfully, 

C. B. GILL, 
Master^ United States Navy, Commanding Surveying Expedition. 
To Lieutenant Commander Alfred Hopkins, 

Communding. 



MlNATlTLAN, MEXICO, 

Tuesday, April 25, 1871. 

Sir: In obedience to your instructions I have to rei>ort that I proceeded from Jai Chivela to 
Tehuautepec, to be present during the time the survey of the Pacific lagoons was b<»ing carrie<l i»n 
by the officers and men of the United Stiit^s sloop Cyane, ordered to report to you for that duty. 

A paity, consisting of Master C. B. Gill, (in charge,) Ensigns F. B. Gihuort^, U. Sebree, and 
Tliomas II. Stevens, and eighteen men, with two boats and necessary instruments, left Salina Cruz Bay 
on the 2d of March, for La Punta de Agua, the western point of the upper lagoim, the boats l>eing 
transported by land in carts. Commencing their labors at that point, they were carried on around 
the northern shore, crossing the land at Santa Teresa, and connecting their lines at La Punta do 
Agua on the 10th of April, embnicing a line run across the lower lagoon to the Boca Barra, with 
tidal observations of that channel ; also a line running through the narrow Tilema Lagoon. I made 
it my object to be present with the working party, to see that your instructions were earned out, 
and to inform myself, as fully as possible, of the nature of the lagoons, and as to the practicability 
of running the ship-canal from the line of the Chicapa River through the upper lagoon, to connect 
with the Pacific at the Bay of Salina Cruz, the latter being, in my opinion, the only part of the 
isthme^in coast where it would be feasible to form a harbor and a port of entry ; and then only by 
the means of breakwaters, for which ample materials are to be had in near proximity, the hold- 
ing-ground being excellent, in 7 to 12 fathoms of water, and at distances of one to three miles fn)ra 
the beach. 

The bay is perfectly protected from the strong northerly gales 5 and though during the stay of 
the Cyane at this port there ocxjurred no southeast gJiles, it is my opinion that breakwaters would 
afford sure protection to vessels anchored under their lee. The tidal current sets east and west, 
along the coast, the strength not yet having been determined. 

The suiKirior, or upper lagoon, embraces an aiva bounded by a dry-season coast -line of fifty- 
one miles, (nautical,) similar to an inunense flat covered by the sea-water, and separated by narrow 
and low sand-spits from the ocean itself, and receiving the \vatei*s from numerous rivers and 
streams traversing the Pacific plains, and receiving, besides, the <piicksands and deposits from 
those streams. The upper lagoon is interstn^ted from east to west for nearly two-thirds of its 
lengtli by a chain of islands, the continuation of a range of hills to the eastward, and among them 
was found the deepest water, 19 I'eet. Bottom, generally, of mud and soft sand; on the south shore, 
rocky. A line through Santa Teresa Canal gave a channel of 17 I'eet, but forming a bar in the 
lower lagoon, with 4 feet of water. The Bocca Barra Channel, with its rapid currents, its bot- 
tom of quicksands, and the impassible barrier of surf-lines, render it useless for navigation. 
Between Bocwi Bara and Salina Cruz lies the deserted Bay of Ventosji, which receives the deposits 
from the Tehuantepec Biver, so that, from observations made, Salina Cruz seems to be the natural 
terminus, if the upi)er lagoon can be used. This survey was carried on during the dry season, but 
the high-water line could easily be traced, showing that in the season of rain there must be an in- 
creased depth of 3 to 4 feet. 

I would beg leave to state that the work was carried on by the Cyane's ofllcers under many 
local difficulties, such as the scarcity of fresh water, the strength of the winds, both from the north 
S. Ex. G 13 
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and from the soutb, misiuf? such a sea that at times it was impossible to venture out in their boats, 
and even one of those was lost by being swamped, exposed to the sea. 

Master C. B. Gill will forward, throup^h Lieutenant Commander Hopkins, commanding Cyane, 
comi)lete reconls of the work, and a detailed report, upon the arrival of the vessel at San Francisco. 
^1 am, very respectfully, your obedient servant, 

PHILIP H. COOPER, 
Lieutenant Commander^ United States Navy. 
Captiiin R. W. SnuFELDT, 

Commanding Surveying Expedition to Tchuantepcc and Nicaragua, 
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GEOLOGY, MINERALOGY, NATURAL HISTORY, INHABITANTS, 
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AGRICULTURE OF THE ISTHMUS OF TEHUANTEPEC. 



BY 



joiix c, st>p:vVR, si'kof.on-, it. h. >r 



I 



JrLY 15, 1871. 

Sir : I have the honor, in obedience to yonr order, to submit herewith a rejwrt on tlio work 
assigned me last winter, in connection with the exploration of the Isthmus of Tehujintoi>ec. It is 
an account of the gex>logy, mineralogy, climate, disejises, and inhabitants of that region ; and, in 
addition, contains other information of a practical bearing on the proposed interoceanic sliipcaua! 
at Tehuantepec. 

Very respectfully, your obedient servant, 

JOHN O. SPEAR, 
Surgeon^ United States Xary. 
Captain R. W. SniiFELDT, U. S. K, 

Commanding United Statcfi TchxMntepec and Nicaragua Surveying Expedition. 



CHAPTER I. 

GEOLOGY. 

The Sierra on the Isthmus of Tehuantepec takes an ejist and west. direction, and is at this 
X)oiut both very low and narrow. The highest peaks have an elevati(m of less tlian ;J,0(K) feet, and 
the table-lands and mountain-passes about 800 feet ; and the width of the range, including the 
table-latids, is, at its narrowest part, perhaps twenty-live miles. Owing to this depn»ssion in th(i 
Cordillera, the geologicjil formation of the Isthmus presents but little variety — probably mudi less 
than is found in the same range to the east or west, where the elevation is greater. This also 
explains the scarcity of mineral substances, which is certainly ime of the marked featuivs of the 
Isthmus. 

Buuuing nearly parallel with both the Atlantic and Pacific shores, and much nearer to the 
latter, are two limestone-belts ; the one to the south forming the Masaliua Kange, and the other 
the Majada Range. Between them there is the usual synclinal valley, which constitutes the table- 
lands or mesas of Tarifa and Ciiivela. The Masahua Range seems to be the continuation of the 
Cordillera, and forms the true dividing-ridge between the two oceans. The nucleus of these ranges 
is, in its composition, blue mountain limestone, which forms everywhere the summits of the dividing 
ridges and the highest peaks. It has been upheaved through a form.ition of shale and gneiss, 
which now constitute the foot-hills on either side. The gneiss rock is, however, raix^ly expose<l, 
except in the dry beds of the deep arroyos, and in other low places. The superlicial shaly fornia- 
tioo is traversed in almost every direction by narrow veins of milk-quartz, and in many hnralities, 
where the shale has been disintegrated and washed away by the rains, the cpiartz, in the form of 
snuUl pebbles, is thickly strewn over the surface of the hills. 

The southern limestone-ridge becomes abruptly depressed or broken at the Cerro Rineconchapa 
on the Pacific plains, just at the outlet of the Pass of Tarifa ; and the northern ridge, from Mount 
Timbon in its course to the eastward, becomes gradually depressed until, along the Arroyo de 
Tarifa,at the hacienda of the same name, it dips so low as to disappear altogether ; but it reappears 
abruptly in tlio Cerro Convento, which borders the eastern limits of the plain of Tarifa, and th(»n 
continnes again its easterly course along the valley of the ^lonetza. In relation to the construc- 
tion of the interoceanic canal, it is a very fortunate circumstance that both thes(» lim(»stone-l>elts of 
the Cordillera are thus depressed at the same jioint. Indeed, they a])parently disappear altogether 
on the table-lands of Tarifa and in the pass of the same name, while along the Chivela, Masahua, 
and Sau Miguel routes they crop out in many places. This geological l'ormati<»n of the country 
crossed by the Tarita route suggests at once that we have here the lowest point in the divide, and 
the level gives positive proof of it. 

The general strike of the Cordillera is about north 35° west ; and the dip for the most part is 
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nearly perpendicular; in some places, bowever, it is 60° to. TIP to tlie southwest. The shale in 
Tarifa Pass strikes southwest by west, and the gneiss, in the same locality, north 10^ west, with a 
dip of 750 to the southeast. On the wholo, it appears that the dip and strike of the rocks in this 
locality do not follow any very uniform rules, so far as we were able to judge. 

The accompanying geological plan of the Isthmus exhibits at a glance the different rock forma- 
tions, jxnd shows the extent and locality of each one in a much bettiU' manner than it is possible 
to do by any written descrii>tion. 

The oldest portion of the Isthmus evidently began its super-aquatic existence at a compara- 
tively recent period, geologically speaking. The lim<istone ridges of the Sierra were probably 
ui>heaved during the cretaceous period — certainly not previous to it ; the proof of which is to bo 
found in the fact that certain dejmsits of chalk in theChivela Pass rest on the mountain limestone, 
and has iU inclination^ which, of course, was given to it at the time of the upheaval. This chalk is 
rather coarse, of a yellowish color, and exhibits, under the microscope, after having been treated 
with nitro-muriatic acid, minute spicules of sponge, which establish its cretaceous origin. We failed 
to find any dtlier sort of fossil in it. It is, therefore, evident that during the cretaceous period 
when this chalk was forming at the bottom of the sea, the waters of the two oceans joined at this 
point. 

At a later period the great level plains on either side of the Cordillera were formed, the part 
nearest the foot of the mountains being the oldest. This is evident from the belt of modern lime, 
deposited in horizontal strata, and probably of the eocene period, which skirts along the foot of the 
Sierra on the Pacific side from Tehuan tepee to the Ohicapa River. Farther down on the plain 
this formation disap|)ears, and a later one, composed of loam and shell-marl, comes into view. Here 
we pass through extensive tracts where the surface-soil is a dark loam, in which a certain fresh- 
water shell, the Ampularia Cumingii, m a fossil state, is met with in abundance. The same shell 
is found alive in the stagnant fresh-water ponds of small extent which are occasionally met with 
at the present day on this plain. It therefore appears that the Pacific phiin, now so dry and 
l)arched, was, not very long ago, partially covered with fresh-water lakes or ponds of considerable 
extent. 

Bordering the lagoons, the surface-soil, to the depth of 2 or 3 feeet, is tilled with species of fossil 
TurriteUa^ Ostrea^ and Trigona^ and the same is the case in the bottom-lands about the month of 
the Tehuautepec River. These shells, all of which belong to the salt-water variety, are still found 
alive in great abundance in the waters of the lagoons and the ocean. This, then, proves that the 
lagoons, at a recent period, covered a larger area than they do at the present time. Indeed, we 
wTre told by the natives that, previous to the year 1820, the lagoons covered a much larger tract of 
country than they do now, and in that year, by some convulsion of nature, they were reduced to 
their present limits. However correct or incorrect the date may be, it is quite evident such an 
event has taken place and at a comparatively recent period. 

We noticed a great many bowlders scattered about the elevated section of the Isthmus. Gene- 
rally they rest quite on the surface, and many of them are on the summits of hills or ridges 100 feet 
or more above the surrounding country. The largest ones are 20 to 30 feet square, and all of them 
in composition correspond to the rocks that form the peaks or high ridges in their immediate 
vicinity. On the hill where the vilhige of Santa Maria Chimalapa stands there are, in a space not 
larger than half an acre, twelve large bowlders from 4 to 15 feet in height, and generally globular 
in shai)e. Most of them are ranged in a well-marked line, the direction of which is south 30^ west; 
and to the southwest there is a high mountain-ridge, between which and the location of the bowlders 
the deep valley of the Milgro intervenes. There is other evidence of glacial action on the Isth- 
mus, but a full account of it is foreign to the ])urpose of this report. 

In making a ca lal-cut across the Pacific plain, sand, loam, and shcH-marl will be encountered, 
and near the loot of the Sierra a belt of modern lime, quit^ soft and pliable, will be met witli. 
Thongh this portion of the Isthmus is arid, with a sandy soil very permeable to water, we found the 
wells in thr". month of February contained water at an average depth of 28 feet below the surface. 
February is about the middle of the dry season here, and the inhabitants assured us that even as 
late as May, which is the close of the dry sea^son, the water in the wells does not fall much below 
the point where we saw it. In Tarifa Pass shale above and gneiss below will be encountered in 
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the cut, and [lossibly below tlioso, in a few places, compact limestone. On the table-lanils the 
surface is loam and clay, wliich, judging from t\w banks of thearroyos and gidleys, we estimated 
extends to the dei)th of about li5 feet on an average. Below this there is shale and gneiss. The 
Atlantic plain is composed of alluvial deposit, often -lO feet in thickness, with here and there a few 
unimportant uphe^ivals of soft tah*, rotten sandstone, and limestone, none of which are likely to 
present any diiiiculties for a canal cut. 

On the narrow strip of sandy <-ountry along the Pacific shore, from La Ventosji to l>oca ]>arrii, 
the i*oad crosses from time to time galleys ten to twenty feet deep, ami twenty-live to lilty fiH»t 
wide, which, at first sight, we supi)osed were formed by the act ion of wat(*r during the rainy season, 
but in a few hours a nortiier began to blow, and the maniu*r in wliirli these singular cuts are madn 
was (juite apparent. The violent wind plowed up the loose sand, and carried it along like* drifting 
snow, forming by this process deep cuts, which cross the country in a direction from north to south. 

MiXElJALOtiV. 

On the Coaehapaliiver, twelve miles from its nunith, there are several extensive deposits of 
petroleum and asphaltum, tiietwo principal deposits or springs of which we took ocrasion to visit 
and examine. One is on the right bank of the river, about three mih»s in the interior, in an easterly 
din^ction from a rancii called Santo Cristobal, and is reached by a bridU»-path tlirough a ih'iiso 
f<u*(?st. The huid is rolling and heavily timbered where this depos^J is h)rated, and we estimated 
that the surface of the spring was at least fifty feet above the Coachapa Itiver. In a space of 
about half an acre we counted ten si)nngs of various sizes, from four to ten feet in diameter, and 
on the surface quite distinct from one another; but the ground between the several springs is, in 
many plae<*s, soft and spongy, and on treading on it, it gives the imi)ression that it is resting on a 
liquid mass. One of our party, while busily engaged in collecting some specimens of the pur<*st 
l>etroleum, gradually sunk into this spongy earth to the depth of two leet or more before he was 
awaro of his situation, and it required a vigoi^ous etlbrt to extricatt* himself. The substjince 
found iu these springs, when unmixed with earth or dried leaves, is black, and is about as thick as 
molasses. In onler to examine the depth of the deposit, we cut poles twenty-five feet long, and 
pushed them down several of the springs the entire length of the p()le without touching any bottom. 
There is no evidence of any considerable overflow of these springs, nor is the temperature of their 
liquid contents increased by internal heat so far as we were abhi to ascertain. Heavy foivsl trees 
are found growing abundantly on the half-acre in which the springs are located, and, indeed, these 
trees are quite as numerous and large as in any other locality in the surrounding woihI. Even 
the underbrush grows as iu any other part of the for(»st, (»xce[)t in the very tarry openings them- 
selves. We obstTved about these sj)rings a great many tracks of tin* wild !\[exican hog, and our 
lifuide assured us that these animals come here to drink of this substance. Crude petroleum biding 
an excellent application to free the body of the myriads of inst'cts which annoy the animals in this 
region, it is i)ossible that these wild hogs wallow in it for this purpose. 

The other deposit is on the left bank of the river, half a mih» in the interior, and perhaps a 
Miile above Santo Cristobal. It is located in an open potrero, which is subject to tin* annual over- 
flow. Both to the south and the north of it there is a small range of hills, perhaps fifty feet high, 
and a mile or more away. The range to the north is composed of limestone, and the one to the 
Houtli contains some deposits of sulphur in a very ]>ure condition, so wr were credibly inftuined. 
Wo estimated that the extent of the surfac(M*overed with purr asj)haltum is about five hundivd 
square feet, and it is in the form of several irregular patches. The soil t)f the potrero, for sev(»ral 
hundred yards in all directions, is also impregnated with this substance, hut n(»t in quantity snlVi- 
cient to prevent the growth of the wild camalote, which covers tliis ojjcn phiin, growing luxuriantly 
even to the very borders of the pond of i)ure asi)haltum. The surface of this i»ond is hard, and oru» 
can walk all over it. There are, here and there, in the np])*»r crust, cracks of considerable size, into 
which we inserted sticks, and at the tlc^pth of three feet found the mass to be (|uite soft, having 
the consistency of dough. This pond of asphaltum resembh^s, in several respects, tin* famous 
|>itch-]ake iu Trinidad. 

Fnmi lM>th of theses h)calities we obtained specimens, and they Inive been examined by J)r. 
Henry T. Slemmer, a gentleman who has had a great deal of experience in refining petroleum. He 
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informs me that the specimen from the right bank of the river contains about fifty per cent, of what 
is known in the market as heavy oil of petroleum, whicli will make a good lubricating-oil. It 
contains neither l)enzine, gasoline, nor the light oil of petroleum — the common burning oil of the 
Khops — having lost these usual ingredients of crude x>etroleum probably through volcanic heat; 
and this is rendered the more likely from the fact that the specimen contains a great deal of sul- 
phurous matter. It is possible to make from this heavy oil a burning-oil, by treating it re[>eatedly 
with sulphuric acid, and subjecting it to several distillations; but this would be very ex|)ensive, 
and probably render a refined burning-oil obtained from the Teh uan tepee petroleum twice as costly 
as that distilled from the common cnide petroleum found in Pennsylvania. The s]>ecimen from the 
other deiwsit is miueml piteh, or Jews' pitch, and contains no petroleum in any form, and is of no 
commercial value, except as asphaltum. 

There is an abundant supply of common salt found on the Isthmus, and it is obtained either 
from the salinas or from salt-water springs. Along the Pacific sea-shore and on the borders of the 
Laguna Superior there are, at certain i)oints, extensive natural deposits of salt mixed with the 
eaiih, and these places are called salinas. Such deposit:^ are found in low bottoms, which are 
sr-parated from the sea or the waters of the lagoon by narrow ridges of siuid. It is evident that 
these salinas were at a very recent period a part of the sea, from which they have been cut oflf by 
the beach, which is (continually advancing and encroaching on the sea along this shore. In the 
salinas, the soil, to the depth of many feet, is saturated with salt, and during the rainy months 
these low bottoms become filled with fresh water, which gradually abstracts the saline matter from 
the soil, and when the water is all evaporated in the dry season, the surface is left covered with a 
deposit of pure salt, in many places as much as three inches in thickness. Laborers are set to 
work, generally in the month of February, to collect the salt. They gather it up with their hands 
and make large piles of it, after which it is put into ox-carts and hauled into the nearest town, 
where it is sold, a considerable quantity of it being purchased to supply the interior of Mexico. 
There are a great many of these salinas in this vicinity, and some of them have an area of a hund- 
red acres or even more, and they are altogether, if judiciously managed, capable of yielding a very 
large quantity of excellent salt, which, owing to its cheapness, might become a profitable article 
of export as soon as there is convenient transportation for it to a goofl market. On the Coachapa 
Biver we found a spring of salt-water, from which the mulattoes residing there manufacture enough 
salt to supply the neighborhood by evaporating the salt-water over a fire. The humidity of the 
atmosphere is generally so great at this point, and the rains are of so frequent occurrence, that it is 
hardly practicable to manufacture salt by solar influences alone. 

There are, on the Isthmus, several deymsits of what may be called " brown coal." One is on 
the CoatZclcoalcos River, another on the Puerta River, and still another has been discovered near 
tlie sea-shore, west of the Coatzacoalcos. This material is light, rather soft, without luster, and, 
in general appearance, closely resembles cannel-coal. It takes fire on holding it in the flame of a 
candle, and burns with a bluish flame, but, unlike cannel-coal, small attached fragments do not 
continue to burn longer than a few seconds. While burning, it emit« a slightly bituminous odor, 
and it does not melt. A sufiicient quantity of this coal was not collected with which to make a 
proper trial of its burning qualities in the furnaces of one of the steamers; a few lumps, however, 
were burned in a small forge, under the observation of the chief engineer of the Kansas, but the ex- 
l)erifnent was, for several reasons, unsatisfactory. A canoe-load of it was brought down the river 
and thrown on the bank near ]\Iinatitlan, where the Indian women found it, and used it all in a 
short time, (burning a little wood with it,) on the small fires they make in the open air to cook 
their food. Of course, all the specimens we saw were irom the out-crops, and probably inferior to 
that further below the surface. 

We found several small veins of specular iron-ore, from three to four inches in width, in veins 
of (piartz, in the Chivela Pass. This ore is black, and in appearance closely resembles i>lumbago. 
In the brook at Tarifa there are masses of red hematite; and it is said other varieties of iron-ore 
are found in certain localities on the Isthmus. 

During the last twenty years the Isthmus of Tehuantepec has been extensively explored for 
gold by Amerieau miners of cronsiderable exiierience in California. They washed the sand in the 
beds of various rivers, and discovered some gold in several places, but never in sutficient quantity 



TEUUANTEPKC CANAL SUUVEY. 105 

• 

to pay. The best washings were foiiiid in the IMnlateiijro IMver, but even thew were abandoned 
after a short working:, an<l eonsiderable snnis of money wen* lost in the operation. One of these 
miners is still pnrsnin^ his explorations for p:old — " pros]>eetin«i:, ■' asheealls it — and is now loeated 
on the Chieapa Kiver, far np in the nionntains, beyond the limits of the habitatiims of the Indians. 
lie informed ns that he sn<*eeeded in ^(^ttin^ a few dollars' worth of ^old-dnst every year, hanlly 
enonjj:h, now, to pay his exi)enses, bnt In* fully expects to 11 nd, some day, a rich poeket. wln-n his 
fortune will be made. ]S'o attempt has ever been made, so far as we can learn, to search lor ;jold 
us it occurs in the rocks, in the hills, and mountains, but all the operations of the miners have been 
eondncted in the sands and alluvial deposits alonjjf thi^ cours(»s of tin* rivers. On the Isthmus there 
is a very coninnm belief that rich deposits of gold exist in the bed of the Uspanapa River, hi;rh up 
in the mountains. At the hi«j:h<»st point we reached, on this river, about lifty mih»s from its mouth, 
the sand on its bottom and a1ou<;: its banks contains an abundance of yellow mica in the form of 
uiiunte scales, but we did not observe any traces of gold. 

KOCKS FOR (;O^^STl:l:CTiXG MATERIAL. 

There is an abundance of this material on the Isthmus, and there are nmny varit^ties of it, 
among which the engineer will find all that he requires for the construction of the proposed inter- 
oceanic canal, with the single excejition of hydraulic lime; and even this, there is some pn»bability, 
will be fouml in one of the many dillerent varieties of limestone in the mountainims section of the 
Isthmus. As a general rule, this material is conveniently located along the proposed route, but 
this is not always the case. 

Beginning on the Pacific shore at Salina Cruz, the hills, in the form of a scuiicircle about this 
harbor, are composed of granulite, a rock closely allied to granite, and it will make an excellent 
stone for general building purposes, as well as Ibr constructing a breakwater. Tin* bold, jutting 
bluffs on either side of the harbor, com])osed of this rock, show, a( a glance, how well it has 
resisted for ages the disintegrating action of the surf. The surface layer of this fornnition is 
stratiGed, which will render the quarrying of it comparatively easy. I5ut fnun the nature of tin* 
rock, it is hanlly probable that the stratilications extend very far below the surface. The supply 
of it, at this point, is practically inexhaustible; and it is alst) found in abinidance at La Ventosa, 
where, however, it is not of so line* a quality. Some of the hills about JIuilotepee are compostMl t)f 
this rock^ which nniy possibly be found a mon* convenient jmint ti» quany it for a po^Mion of the 
route. Unfortunately, there is no limestone in tiu^ coast-range, but the soft tertiary lime is met 
with three miles northwest of the city of Tehnantepec, and, two miles further on, the hanl lime- 
stone o<xuirs. The natives use the former for building pnrp(>ses and for whitewashing, jJce., pi-e- 
feiTing it to the hard vari(»ty, on account of the comparatively small amount of heat necessary to 
reduce it to quicklime. The small hills about Tehuantei)ec, and several isolated ones on the phiiu 
near San (Tcroninio, as r(»]nesented on the geological chart, are compos4*d of syenite, or rather 
thei*e! are veins of it running through them, from whi<*h good building-stiuies can be (pmrried. 

Id the mountainous section of tlw Isthmus (compact limest<»ne, blue and white marble, and 
gneiss, are abundant, and all (»f them are tbund at convenient ])oints ah)ng the ]»roposed route. In 
the Chivela Pass, ^lasahua Pass, the Cerro ConvtMito, and in S4»veral h)calities ah)ng the valh»y of 
the Monetza, we observed extensive formations of white marbl(>. 

On the Atlantic plains no good constructing material was diseov(»red, though it is probable 
that in the sandstone regions of this section, a litth* below the surl'aet^, the sandstone bec(»mes K»ss 
coarse-grained and not so friable as that found on the surface. On the Coaehapa and •Ialtep<'<! 
Uivers, and near the village Jaltipan, there are limestone Ibrmations, from which the natives burn 
quicklime of an excellent quality. 

The trachyte which tonus the bed of the ui)per Coatzaeoaleos can be ra.sily ijuarried ahiiig the 
little streams that ilow into the main river fnun the s(»utli, and this, with the compact limestone in 
the valley of the Milagro, will furnish sullieient material at conv(*nient points tor the construction 
of the proiK)sed feeder. Along the banks t)f the larger riveis, on both sides of the Isthmus, as well 
as on the table-lands, there is an abundant sui)ply (»f sand well ada[»ted for building purp(»scs. 

S. Ex. (i 14 
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THERMAL SPRINGS. 

There is on the Pacific plains, half a mile from the Sierra and midway between the passes of 
Tarifa and Chivela, a hot spring, which has an extensive reputation in this section of the republic 
as a remedy for rheumatism, scrofula, syphilis, and cutaneous diseases. A quantity of this water, 
which we collected for the purpose of making an analysis, was unfortunately lost in transit on the 
Isthmus. The spring is circular in form, with a rim of calcareous tufa surrounding it, and is about 
six feet in diameter and two feet in depth. The water bubbles up through several small openings, 
and just at these points it is so hot that it burns the hand, but the general temperature of the 
spring is about 94^ Fahrenheit. The water has a slight saline taste, and occasionally a faint odor 
of sul[)hureted hydi^ogen is perceived. As it bubbles up from the int<;rior of the earth, it brings 
with it small pieces of gravel and sand, mixed abundantly with minute calcareous shells. The rock 
formation in this vicinity is limestone. We observed small fish swimming about in the spring, and 
the cattle grazing near it came and drank of its waters while wo were there. Several hundred 
yards from this spring there is a similar one, situated on a limestone cliff fifty feet above the plain. 
The view of the l^icitic plains, the lagoons, and ocean from this point, is exceedingly fine. 

In La Chivela Pass, at a point in the course of the Rio Verde, a short distance above the ford, 
where the river flows between high per[)en(licular walls of limestone, there are several remarkable 
thenual si»rings. x\s yet, so far as we are aware, they have not been resorted to by invalids, and 
it is therefore impossible to make any assertions as to their medicinal value. The UMuperature is 
980 Fahrenheit, and the water has a sulphurous taste, and the rocks in the vicinity are bla<;kened 
by the escaping sulphureted hydrogen. We caught little fish in the springs, and although they 
ai'e the same species found in the cold waters of the Rio Verde, their colors are less bright. 

EARTHQUAKES. 

In the Cordillera of the Isthmus there are no evidences of very recent volcanic action, and there 
are no extinct craters, which were once active volcanoes, of any considerable extent. Sharp, 
rugged peaks of compact limestone and crat<?r-like precipices of the same materiiil are frequently 
met with, but in no place did we find the cones of scoria, lava, &c., so characteristic of long-con- 
tinned Volcanic action. San Martin, a detached peak near the shores of the Gulf, and not belonging 
U) the CorclJllera, is a small volcano, and is occasionally active, but it was not so during our stiiy 
on the Isthmus. It is as much as forty miles distant from the nearest point of the proposed canal, 
and more than one hundred miles from the part wTiere the constructions most liable to injury by 
volcanic action or earthquakes will be built. The singul.ar freedom of this region from volcanoes, 
both active and extinct, and, in consequence, the less probability of violent earthquakes, is certainly 
an important consideration in favor of the Isthmus of Tehuantepec as a location for the inter- 
o(!eanic ship-canal. It is not true, however, that no earthquakes occur here, for they do ; but they 
seem to be less violent and not so frequent as at many other points in the volcanic regions of 
Central America. When we were at work in the mountains, it was no uncommon thing to expe- 
rience slight shocks of earthquakes, and on the Cth of February a severe one passed across the 
Isthmus. From all the reports we received, it seems that the shock was more violent in the Chim- 
alapa region, where we Imppened to be, than at any other point, so far as we could learn. There 
the doors and window of the house we occupied were unhinged, a section of the adobe wall over 
the window was broken in, portions of the plastering and some of the thatched roof were thrown 
down, our animals were thrown on their knees and were unable to regain their feet, and the old 
house, with its long grass roof, near which we had been sitting, shook like a load of hay passing 
over a stony road, which, indeed, it much resembled. It was exceedingly difticult to stand erect, 
and we found it necessary, in order to maintain this position, to hold fixst to an old stone wall which 
happened to be nenr. Tlie shock, which lasted sixty-four seconds, cjime from the east and passed 
to tlie west, and was precetled by a loud rumbling noise. The motion was wholly of the vibratory 
or horizontal sort. It happened at seven o'clock and twelve minutes in theeveningof aday which 
hail been remarkably clear and calm for that locality. There was an indescribable gloomy appear- 
ance jjbout the sky and the sunset, which was noticed and remarked upon by the chief engineer of 
the exploring party only a minute or two before the occurrence of the shock. It (certainly seemed 
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to us tliat twilight was iimisiiallj' prolonged tliat evening, but unforlunately no sponlic o])S4Tva- 
tions were made on this point. Five hours later we experienced " the return wave,'' as it has lH»eii 
ealled, whieh, liowever, lasted only a few seconds, and was not nearly so violent as tin* Ihst shock. 
We (rould not learn that this feature of this particular eartlniuake was felt at any other point on 
the Isthmus. On inquiry, we ascertained that about a year befon* this shock a similar one was 
experienced on the Isthmus, and still other well-known shocks are mentioned. Owing to the 
peculiar <jonstrui!tion of the houses, but very little damage has ever been done them, but the 
large stone churches have been from time to time materially injured. 



CHAPTER 11. 

CLIMATE. 

In th(^ three natiual <livisi()ns of the Isthmus, the climate is essrntiallv dift'erent, so that a 
sepanite account ol*4»ach is n(»c(»ssary. 

On the Pacific plains, the rainy senson begins late in June, and ends in SepteinlM»r. During 
the I'omaining nine months of the year there is no rain whatever. The soil by the last of Novemlier 
is dry, and vegetation soon becomes parched and scanty. From November until June, the eorn- 
l»atche» or milpas have to be supidied with water by irrigath)n. S:>:ne plants and certain sorts of 
timlier, as the indigo and the acacia, tlourish in this dry soil, but the general character of the 
vegetation coveiing this plain is small and stunted. Along the banks of several rivers, and near 
the lagoons, there is occasionally an exception to this rule, and the timber there is large and 
valuable. Many of the rivers of this phun, some of them considerable slivams, become quite dry 
by the beginning of March. The northers, which are so common in tin* winter season, never bring 
with them rain, as they generally do on the Atlantic slope and on llu» tablelands, but, instead, 
clouds of dust and drifting siiml are caught up by these violent winds, and an* driven across the 
plain in a southerly direction, and finally fall into the Pacifi<" Ocean. Oftenlinu's, standing at the 
foot of the Cordillera when a norther is blowing, ymi can s.mi dense rain-clouds, less than eight 
hundred fwt above you, deluging the elevated table-lands of Tarifa an<l Chivela, and the adjacent 
mountains, but the instant these clouds are driven over the dividing rangi* into the dry atmos]>here of 
the Pacitic plains they are absorbed and nu4t away, not a dn)p of rain falling where you are. A 
rainbow is often seen in such clouds, the whole alfording a singularly interesting and beautiful 
phenomenon, and illustrating in the most forcible manner the markeil ditterence in the humidity 
of the atmosphei*e in two contiguous sections of the Isthmus. Thetemjierature is relatively higher 
than on the Atlantic plains, and this is especially the case in the winter season, for the pivvailing 
north wind, having lost its moisture in the form of rain on the Atlantic side, is considerable warmer 
when it reaches this x)oint; and, in addition, the Pacillc plain has a direct southern exposure, with 
the sierra forming a high natural wall to the north. We found many days, even in December and 
January, very wann when exposed to the midday sun, the thermometer often standing in the shade 
alKive 8(P. 3!ay is the warmest month, and December is the cohlest. The plain is covenMl with a 
stunted gi'owth of timber and other vegetation, generally not higher than twenty feet, which is just 
high enough to keep olf the breeze, and not high enough t(» adbrd any shath^ along the roads or 
bridle-paths, and the traveler, therefore, not unfnMpuMitly linds these dusty roads exceedingly hot. 
Persons belonging to the Kuropean races residing here rarely expose themselves to the mid<1ay 
sun, but perform their Journeys or out -door labors in tlu' mornings and evenings, and at night. But 
of course we could not follow this practii'e, and it is nf>t believe<l the health of any of us 
sulleivd in cons4»<jiUMice. Except in tin* rainy season there are very lew cloudy <lays. There is 
nothing enervating in this climate, which is so apt to be the e:ise in tropical regions wkA elevate<l. 
The extreme dryness of the almosi»heri', like that of lOgypt, indn<'es insensible pers]»iration to a very 
marked <legree, and tin* body is in this way kept c(»ol. and no disinclination is felt U\ physical exer- 
tion, as is sure to be the case in a damp cliniiite wh(»n» the temperature is ;is high as it is hen*. 

On the elevated table-lands and the m<»nntainoiis district the rainy seas4in In'gins early in 
June and ends in November, except in the Chimalapa and Ciuichicovi n.'gions, where it rains more 
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or less until March. On the phains of Tarifa and Chivela it occasionally rains a little as lato as 
Febmary. The rain fifter November generally conies with the northers, which are then called "wet 
northers." The teinpeiature of this division of the Isthmus is considerably cooler than on the Pacjific 
plains, and the difference is even greater than the ordinary change due to elevation, for this would 
be less than 3^ Fahrenheit, while the actual difference in the winter months ranges from 5^ to lO^. 
The contiguous high mountain ranges of vast extent on either side to the east and the west, and 
the in(^reased velocity of the Isthmus wind-currents, where they i)ass through the narrow break in 
the Cordillera, are undoubtedly the cause of the temperate climate found in this portion of the 
Isthmus. The pine and the oak of the temperate zone are the most common trees in all exposed 
localities ; while at the same elevation, in spots of small extent, well protected by hills, or spurs of 
mountains from the wind-currents, the tropical vegetation of the plains is found. This condition 
is best seen in Masahua Pass, which, although quite as elevated as Ciiivela Plains, possesses the 
flora and fauna of the loAver regions. During a norther the thermometer sometimes falls as low as 
00°, and the piercing wind, at the same time, makes it seem much colder. Thick w^oolcn clothing 
and a pair of heavy blank(»ts are needed in this region during the winter months. 

On the Atlantic plains the rains set in about the 10th of June, and continue until November; 
and after this, throughout the winter, ])erhaps half the northers are accompanied with rain, and 
nearly all of them with cloudy weather. At Suciul it rains more than at any other point on the 
Isthmus. The climate of this portion of the Isthmus is damp, except for two months, April and 
May, w hich time is the most pleasant part of the year. In consequence of the .ibundant supply of 
rain and the tropical temperature, vegetation attains an excessive growth, presenting in this resi>ect 
a striking contrast with the stunted vegetation of the plains on the Pacific side. The rains which 
occur alter October do not seriously interfere with out-door work any more than the usual autum- 
nal rains in the United States. It is rather cooler than on the Pacific plains, and the thermometer 
occasionally falls 20^ in the course of a few hours when a norther is coming on. Thin w^ooleu 
clothes are the most comfortable, as well as the most wholesome, for the greater part of the year. 

The general direction of the neck of land forming the Isthmus of Tchuantepec, runs from east 
to west, and the Cordillera here is very low and naiTow. On the Atlantic side there nve lateral 
ranges of mountains, which form on the Isthmus a sort of funnel, with the large end toward the 
north. Through this passage the north wind, so ])revalent in the Gulf of Mexico iu the autumn 
and winter, rushes, increasing in velocity the nearer it ai)proaches the narrowest part of this funnel- 
like passage, until, when it reaches the plains of Tarifa and Chivela, it is blowing a furious gtile. 
It often happens that a gentle north wind at Minatitlan is a severe norther at Tarifa. The high, 
dense forests of the Atlantic plains break very much the force of the northers, so that a few uiiles 
from the Gulf coast up the Coatzacoalcos, ships at anchor are perfectly protected at all times from 
these winds, and the growing crops are not injured by them. On the Pacific x)lains, at some points, 
it is found to be necessary to build thatched fences, to protect the gardens and fields, so great is the 
force of the northers there. But it is on the elevated and exposed table-lands about Tarifa and 
Chivela where these winds are most violent. We recollect that, on one occasion, in the month of 
January, a severe norther continued for fifteen days without any intermission. They would, no 
doubt, occ.asionally cause some delay and additional expense for ships passing through a canal 
here. Vessels bound to the Atlantic side would have to make their way across the exposed table- 
land for a distance of twenty miles or more*, directly in the face of these very strong winds. Iu 
tlu^ summer the prevailing wind is from th(^ south, and it rarely blows with any great violence. 

Frost is never seen on the Isthmus, and none of the mountain i)eaks in sight, from any point, 
have snow on tliem, even in the winter. The temperature in the summer never rises very high, 
rarely above IKP. 

The scenery in the mountainous regions, and from elevated localities overlooking the Pacific 
l^lains, is, at many points, exceedingly tine. 

HEALTH, DISEASES, ETC 

In a tropical region like the Isthmus of Tehuantepec, and especially in those sections of it 
where the tempera! lue is high, the rain-fail abundant throughout the year, and the land low and 
swampy, one must expect to meet with malarious levers. 
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Intermittent and remittent fevers occur in all parts of the Isthmus. On the Pa^'ific plains, an<l 
on the elevated plateaus of the Central Division, they rarely orij^inate except in the months of Au- 
gust, September, and October, although it is not an uncommon thing to find even liere, at any 
season of the year, cases of these fevers, the seeds of which were pr4)bably contracted during the 
unhealthy season, or in some other portion of tlie Isthmus. Ileixj these diseases are generally of a 
luild type, and yield readily to the ordinary quinine tr(»atment. We were, however, credibly in- 
formed that in several localities on the Pacific side, and especially near the lagoons, malarial fevers 
were prevalent even in the dry season. As a rule, neither intermittent or remittent assunu's any 
pecidiar symptoms, as is often tluj case with these fevers in tropical countries, exc4»pt, iH*rhai)s, that 
the irritability of the stomach is more constant and more nuirked than is oixlinarily the case; an<l 
this is equally true for all other parts of the Isthnms. 

On the Atlantic; plains these fevers i)revail throughout the year, being, of course', more numer- 
ous and of a worse type in the summer and autumn. Asa general rule, with unac<*limated persons, 
the intermittent fever of this region does not yield readily to quinine or any other nunlical tn'atmeiit. 
This was certainly the experience of the medical ollicer who treated a gif^at many casi»s on board the 
twoshipsof-war belonging to the Expedition, and engaged in hydrographic surveys at the mouth of the 
Coatzacoalcos, along the Gull-coast liius and in the rivers on the Atlantic plains. The United States 
Hteamers Kansas and Mayllow<T, with about two hundred ollicers and men, and the land-exploring 
party, consisting of nine naval ollicers and two civil engintH»rs, arrived at ^linatitlan on the lltli 
of ^'ovember, when all were in good health and excellent s])irits. From the accounts we lia<l 
already received of the healthfulness of the Isthmus at this season of the year, it was not tleemc<l 
necesSiiry to adopt any unusual sanitary measures. The land e\']»loring party left the ship the 
sjune day we arrived, and found quarters at the hotel, which is Mtuated near the river-bank, and 
overlooks a low swamp, reeking with lilth and decaying matter, both animal and vegetabh*. After 
itMnainiiig in Minatitlan seventeen days, adjusting instruments and ])reparing the tmtfit, the land 
party started for the interior of the fsthmus in canoes, but before doing so we were Joined by a 
party of five sailors from the Kansas and 3Iayl]ower, all of whom, u]) U> that lime, had been living 
on board; and when they started with us, all of them were apparently in good health. Hefore we 
reached the mountains, whi<*li we did on the thirteenth day after leaving -Alinatiilan, all the siiilors 
had b(»en attacked with lever, one case being seveiv. remittent, and the others intermittent. On 
the other hand, all the ollicers ami civil engineers remained perfectly well, except two, who had 
the fever, but in both cases it had api)eare<l before we let! Minatitlan, and was no <U)id>t due in 
severe exposure in a norther while making a ])assiige to Vera Cruz. The food, shelt<*r, labor, and 
exiwsure of the ollicers and sailors, from the day we left Minatitlan, were precisely the same. It 
is quite certain that the seeds of the disease were received into the systems of these sailors while 
they were on board their ships; and the n»markable absence of fever among tln» land party, who 
quitted the ships for quarters on shore, is juobably due to the fact that at the hotel there was a 
better su])ply of IVmhI, and more complete protection against the insects. On board tin* ships three nr 
four days had elapsed belbre any means could be devised for ju'otecting the sailors from the mos- 
quitoes, which were so numerous that, in the absence of a proper netting, no one conld sleep for an 
instant in the night-time. This circumstance was, no doubt, eiiongh to h)wer the vitality of the sys- 
tem, and render it less able to ward olf the malaria in the wvy beginning. Ihilh interniittent and re- 
mittent fevers b(»gan toap[)ear on board these vessels abont three weeks after entering the riv<'r. and 
continued until every imtsou on board, save lUleen, had been attaek<Ml. Nearly all of them snlVered 
from relapses quite regularly at intervals of two or three weeks. In this way it m»t unfreqnently 
hapiKMied that half the ship's company was on the sick-list at the same time. All tin* sailors 
of the land party and one of the ollicers sutlered from relaps<*s while in the mountains, from time 
to time, whenever much exposed in the sun or rain. Indeed, we had expected, that on reaching 
the cooler and purer atmosph(4*(» of the elevated plateaus, a ])erman(Mit cnn» would be sjM'cdily 
elleete^l, with the aid of remedies, but such unfortunat<»ly was not the case. There were two deaths 
from remittent fever on b(»ar<l the ships of war, and in both instances the disease was eontraeted 
on the Isthmus. The inhabitants, ])oth of the Europ(*an and Indian races, sutler a gotNl deal from 
fever; but with them, it was noticed, n-lapses are not ni'aiiy s<» <*(»mmon as with nnacelimatetl per- 
sons. It is quite true that the unaeclimated sailors, belonging to the merchant ships loading with 
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handn, and body, and occasionally an individual is met with whoso face or hands aro qnito changed 
from their natural copper-color to a white or bhie. Later in life this diseased surface often bwonies 
covered with a scaly substan<je, in which unsifjhtly ulcerated Assures appear. We saw one unfor- 
tunate old woman whose back and le<fs were so changed, that her skin res(»mblcd that of an alli;j:€i- 
tor more than a human beinjx. The allected parts are not swollen, iu)v are they painful, and the 
toi*8 and fingers <lo not fall olf, as in the West India leprosy. The skin is often ctuitracted, whii'h 
generally gives the fac<* an idiotic expressiou, but we have no reason to believe that the mind is 
really aft'ected in this <lisease. It never incapacitates any one for wcnk, nor is it ever fatal, so far 
as we could ascertain. Probably it is contagious, and the natives regard it as being so themselves, 
but in onler to contract it, it is necessary to live in very close relatiims with an alfected pei*s<m, 
and adopt more or less the lilthy habits of the natives. It is not often any one belonging to the 
European races takes the disease, but there is one case, well known on the Istlnuus, of a French- 
man who was unfortunate enough to contract it, and after trying in vain ail the native remiHlies. 
went to Fmnce, where he was cured. lie returned to the Isthmus, contracted the disease a second 
time, when he bec^une so disgusted with his unsightly person that he committed suicide. Persons 
atteeted with pinta are exempt from military duty, and it is said the men often endeavor to catch 
it on that account. The women, on the otln»r hand, take great pains to ward it otf and to cure it, 
ill neither of which do they seeai to b(» very successful. '• Have you a rcme<ly tor my dist^ase T 
is generally the first and only question these poor atllictcd women ask a stranger. There are no 
idiysicians here, nor has any intelligent ellbrt ever been made by the government or private char- 
ity to stamp out this disgusting malady, which rests like a curse on not less than live thousand 
souls on the Isthmus of Tehuantepec, descending from father to son. 

The following information, kindly furnished by Dr. II. N. i>eaumont, ])assed assistant surgeon. 
United States Navy, is a synoi)sis of the aggregate daily sick -reports of the Tniled States steaunT 
Kansas, (Ith rate,) from November 11, 1S70, to April 11), 1S71, which embraces the jwriod of service 
of this vessel on the Isthmus with the Surveying Expedition. 

Duu(UC4, .V". of cages. . 7>ioVifc>-i-x. Xu. «./ cajci't. 

Intoniiittt'iit ft^vor *2^f* ' Kluuiiiatism. iwniv •J 

Kciiiittent fuvor 15 Pai"oiivcLia I 



Colic If? 

Diarrhoea, ucuto 24 

Diarrhoea, chn)iiir 1 

Iiitlauiiuution of tho livfi- 5 

Juuiidicu W 



Orchitis 1 

SyphiliH, ]iriiiiary *J 

Syphilis, s«'roiiilary 1 

Contusions •J 

HiTnia 1 



Indaiiimatioii of tho splrrn 1 Sprains I 

ItronchitiR, ncuto 1 ' Wtnunls .| 



Total :5*-l 



Hypertniphy of the heart 1 

Hypochondriasis -. 1 

Ni^uralj^iu 1 

AhHOcsH 1 ' NniiilMit.r «lralhs *J 

K«»iJ'< 4 Avt'iairi' nunihrr of prr>on^ on hoanl \'Mi 

I^k**-*™ i> , Daily avt'ra;;c nninlMr of sick h\ 

ITjmn the arrivjil of the Kans;is in the United States, (Jl pi^rsons of h<»r civw of loO, were 
invalided to the naval hospil;ils, and lU i\nm\ greatly ih»bilitated and snbjcrt at short intervals to 
paroxysms of fever, wercM'ousidercd by the surgeon of the vesst'l unlit for active servic<». Of 
these seven ty-thrc»i^ invalids, all ex<»ept two were sulVrring ln)m malarijil frvcr or its scijuela, con- 
tracted on the Isthmus. in tins connection it slionhl In* statctl that this shij> was nitt provid<'d 
with sufficient berthing room of the proper kind for the crew, ami, besides, tlM» ventilation of the 
berth-deck was unusually bad. 

TKOUDLKSOMK INSKl'TS, KKPTILKS, SKIMMINTS, i/rc. 

Of the many hardshij)s the members of our party eneount<'retl in e\|>loring the Isthmus, none 
were so trj-ing as the bites of the ninm^rous insects whieh inf(*st this regitui. Pioth tlieeo\<'retl 
and ancovci'cd parts of the body were attacked, and each by a dill'erent class of ins»'<-ts; nor did 
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the day -time or nigbttime afford any certain relief. There is no doubt that the loss of sleep which 
these troublesome insects cause, and the irritation of the system induced by their bites, which 
sometimes become large sores, are often strong predisposing causes of the malarial fevers of the 
Isthmus. 

The mosquitoes, " zancudos," are, for the most part, confined to the Atlantic plains, but in the 
rainy season they are met with on the Pacific side, and even on the high tablelands. Near the 
Athuitic rivers there is no season of the year wlien one can sleep at night unless protected by a 
mosquito net. The exploring party w^as supplied with the ordinary netting used in the United 
States, which a little experience proved to be entirely worthless in this region, for the mosquitoes 
penetrated it with the greatest ease. We had to resort to the netting used by the natives, which 
consists of ordinary thin muslin. This, although it affords protection against the mosquitoes, 
cannot be commended for the ventilation it allows the sleeper. The Indians, however poor, 
invariably have their rude beds protected by a mosquito-net. 

When the Kansas and Mayflower arrived at Minatitlan, the officers and men attached to them 
were unprovided with mosquito-nets, and for several days, until a supply could be obtained, not a 
l)erson on board closed his eyes at night. The oflicers, driven from their cabins, betook themselves to 
the deck, where they walked and smoked the whole night long. The sailors wandered about the ship 
like madmen, now climbing up the rigging and resting for awhile in the tops, and then descending 
again to the decks, but no relief was to be found anywhere. There was one member of our party who, 
after partaking of a hearty dinner, fell asleep, and neglecting to put down his mosquito-bars, the 
next morning he found his legs and feet so badly bitten and so much inflamed that he was unable 
to wear his shoes, and was in the hands of the surgeon for several days. This insect is so annoying 
to the horses and cattle, that it constitutes a serious obstable to raising herds on the Atlantic slope. 
Toward the close of the dry season they become much less numerous, but they never disappear 
altogether. 

The rodadors, called by the natives " mosquitoes," are little dark and green flies, about one- 
third as large as the common house-fly, which they somewhat resemble in the general outline of 
their bodies, although, of course, the rodadors are a great deal smaller. This insect is confined t^ 
the Atlantic side and to portions of the central division of the Isthmus; it is, however, not found 
on the Atlantic plains near the sea-coast. Ascending the Coatzacoalcos, one first encounters it a 
few miles above Almagres; and on the Uspatiapa we found it first about twenty miles above the 
mouth of the river. It therefore seems probable that this insect does not exist within a belt thirty 
or forty miles wide along the sea-shore. They are not found on the plains of Chivela, but they are 
numerous at Tarifa. Being very indifferent flyers, they are unable to attack when one is in rapid 
motion, as in riding or w-alking fast. In deep ravines and in the fastness of the forest they are 
most abundant. They do not bite when it is dark, and even in a dark room in the day-time they 
are quite harmless. When we were obliged to keep a bright ligflit burning at night to prevent 
the vampires from attacking us, we noticed that the rodadors would occasionally bite. The sting 
of a rodador is followed by a minute speck of extravasated blood, which lodges just beneath the 
epidermis, the opening being apparently too small to allow the blood corpuscles to escape. At first 
it is not i)ainfiil, but in the course of twenty-four hours the flesh surrounding the bite becomes red, 
hard, and swollen, resembling a boil, and is attended with an intolerable itching, all of which 
sym[)toms subside in the course of three or four days. With some persons the bite of this insect is 
not followed by any swelling or irritatioTi, and such seems to be uniformly the case with the natives, 
whose naked bodies are often si)eckled with the minute red spots characteristic of the sting of the 
rodador. It is, therefore, probable that foreign residents would soon become accustomed to this 
insect. They bite the horses and mules until they make large raw surfaces, especially between the 
legs and under the belly. At Santa ^laria Chiinalapa, where they are exceedingly numerous, they 
aruioyed our animals so much that they would quit the fields, where they were put to graze, and 
gallop at full speed into the town. We found a cerate of carbolic acid an excellent application to 
prevent the insect from biting, as well as to mitigate the inflammation and itching following the 
bite. 

The ticks, " garrapatas" and " pinolillos," do not differ from the same insects found in our own 
forests in the summer season, except that on the Isthmus they are much more abundant. They 



TEni7ANTEPK(^ CANAL SUIIVKY. 113 

arc found iu all i)arts of tlio Istlnnus, Imt fortnnat(»ly not at all seasons, hv'ui^ limited to the dry 
months. In the uninhabited regions, where domestic animals do not ran.^^e, Ihere are no tirks. 
They annoy animals much more than men, and it is no nneommon tliin^r to see horses and 
mules that have had their ears eaten (»ir by the '•^anajKitas.*' It is tho eomnuui practiee amon^ 
the irsidents, after a ride on the i)lains or a walk in the wonds, iu ordor to frre themselves of 
Itinolillos, which are the very smallest licks, to bathe the whole person in a^iuardienle, the native 
rum, which has the etlect of detaching the insects entire. If it is attempted to pick them otV, the 
liead is often left buried in the llesh, and causes a ^reat deal of iiritation. Spon^nn^^ the person 
in SI weak solution of carbolic; acid was found to answer the same ]»urj)ose. 

The ni^na is a small black insect, which resembles a ilea. It burrows slowly under the skin, 
without produciuji^ any pain, and deposits there several hundred minute* white i*;r;:s, about which a 
sack forms. In the course of a week the sack, with its contents, has attained tlit» size of a pea, 
and can bo seen sli;^htly protrudinjj: from beneath the skin, and at this sta;Lre is ^^enerally atteniled 
with a slifrht itchinjr. I5y inserting: the blade of a knife between U\o sack and the surroundinj^ 
flesh, the former can be easily cnxKrleated entire, after v. liiL'li the cavity heals rapiilly. If, however, 
the sack.i.s broken, and some of the minute e;rp:s eseajie into the surroundin«x tissut*, they may 
continue to midtiply, producinji: oftentimes uhrers which are troubh^sonu* to \w\i\. The nij^ua, 
like the tick, is troublesome only iu the dry season, and is, tln^n'fore, most abundant on the I'acilic 
slope. The Indian boys are very expert Imth iu linditi;^ and extracting th«-m ; and it is a ^jood 
l)lan to have one's feet, for this is the part where they are "ifoncrally Ibund, examined onee a week, 
or oftener. 

Fleas are found in all parts of the Isthmus, but they are nuist abundant on the Pacific side. 
Fortunately they are limited to the towns and Indian huts, and one is not nnuh troubled by them 
when living in the woods or in camp. Two of our i)arty had their Ixxlies covered with large sup- 
|)urating sores, which were caused by the repeated bites of this insc^'t. 

The moyaquil is a worj)i which grows in the tlesh, and the Indians say it originates from an 
egg deposited under the skin by a certain lly. The jneseiice of tin* worm is nor noticed initil it has 
attained a considerable size, an inch or n:on» in length, when suddenly the attention is called to it 
by the flesh near it becoming swolh'U and inlhuned, and exc<'c(Ung!y painlul. The Indians anj 
very expert in extracting it, which they do by ai>plying to the head of the worm, which is visibh^ 
jiist under the skin, some resin found in the Ibn-st. This is allowi'd to reumin two (»r three hours, 
when it is removed, and the worm is found to be dead, and is easily i'Xtra<*tejl by manipulating 
and squeezing the flesh. We niet a lady who, having sull'ereil Irom one of thest* wornjs iu tlu* Ibn*- 
liend, now never ventures out of her house v.ithout having her face clos(»ly veih'd. The moyaijuil 
is not very common, and is, we believ*', conlin(»d to the Atlantic slope. 

Tarantulas are very iuim*»rous, esi)ecially on the table-lands, and they an* generally very largt». 
Since they never bite exc<*[>t when ]»rcssed upon, they are not troublesome. Xoise t»f our parly was 
bitten, although it was no uncommon thing to flnd a huge tarantida in the tent, or 4*ven between 
tln» blankets in the morning. We were unable to learn of any deaths or sev<re injuries ann»ng the 
Indians from the bite of this insect; and we took some pains to make iiupiiries on this jjoiut. No 
doubt these i)eople are frctpiently bitt<»n, for they constantly go about the plains and through the 
foivsts baiM^footed, and must occasionally tread on the tarantulas. Ileuses ni)t unfnMpiently step 
on them in the flelds, and, if they are not crushed, they bite tlie tVog of the loot, and the animal is 
often lame for a number of months, for tin* hoot" falls oil*. 

Seorfuons are met with quite fre(|uently, but they are generally small, and not very poisonous. 
Several of our party were stung, but the i)ain in every c:ise was very slight, and there was no 
Hwelling. 

We expected to encounter a great n;any serpc.i'i .^ on the Isthmus, anil each jiersetn, tlu'relbre, 
wont fully prepared with the means lor ap))lying an antidote at a moment's notice, should la' be 
bitten; but dining our residenc<* then* we saw only a very limited number of .ver|)( nts, the most of 
which Iwlong to species that are quite harmless. Nt>oneof the party was bittiMi, nnr e\-4'n attacked. 
notwithstanding the fact that (mr explorations led us into the di-nsesl forests and the most untre- 
C|iicntod regions. We saw two cases wluMt* Indians had been billi'U b\ venomous serp<nts, both of 
H'liicli were followed by the entire destruction and sloughing of the parts: in one instance a foj)t, 
S. Kx. (I ^15 
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We repeatedly watched, in order to ascertain the exact manner in which the vanijnre dejilctes his 
victim, to we whether he keeps liis wings in motion while he bites, &c., but we were never tbrla- 
iiate enough to see one in the act of bitin^r, thougii they were whirlin;^ through tlie air about our 
heads constantly. Horses are bitten a great deal more than mules, and we had reason to believe 
that aninials, alter some ex])erienee, contrive to keep oil' the vami)ires in a great measure. 

The comeieu, or wood-louse, is an insect which resembles an ant, and is often called the white 
ant. It is rather larger than the common red ant, has a white body and a n^chlish head. It makes 
its nest on the trees, or on the tops of tin* houses, and always connects it with the ground by dark 
lines or ridges, which are hollow, and ailbrd the conu^Jen a covere<l ]»assage way to and from its 
nest; indeed, it n(»ver exposes itself for an instant to the open air, but always keeps under cover, 
either in its nest or in its covered passage-ways, or in the wood it is boring. The nest reminds one 
of the hornet's nest, but its comi)osition s(»ems to be more earthy. This insect owes its chief im- 
portance to the fact that it is very destructive of certain kinds of timber used in construction. It 
enters a piece of tindjcr unobserved, by a small concealed opening, and eats out the interior, grintl- 
ing it to a i)Owder. In this way rafters and sills, and tln^ like, are oftm quite destn)yetl bel'ore tin* 
presence of the comejen is even suspected. The softer sorts of wood are those usually attacked. 
It seems to Ik> ])arti<ndarly fond of white pine, for instance; but yellow piiu* is either too hard for 
its inroads, or the taste of the wood is not acceptable. ^lahogany, red cedar, zajihott*. and nniny 
other native timbers are free from its ravages. It is readily destroyed by putting arsenic in its nest. 

The teredo-navalis, or navy-worm, is exceedingly destructive all along the Atlantic coast, and 
in the spring and early summer months it ascends the rivers with the salt water as high up as tht» 
town of 3Iinatitlan, where it is so destructive that mahogany or cedar h)gs, if lelt in the river 
during these months, are comph^tely honey-combed. The mahogany shi|)pers, therefori*, if they 
bave any rafts of tind)er lelt over from thcs last shipping season, which is during the winter months, 
are oblige<l to tioat them higher up the streams, to a point wliei*e the water is always fresh, and 
therefore free from the teredo. On the Coatzai'oalcos Itiver, this point is found a short distance 
above the mouth of the Coachapa. 



CHAPTER III. 

AcnncrLTUiJK. 

Only a very small i)ortion of the land on the Isthmus is cleared and under cultivation. Here 
and there patches of an acre or two in some fertile valley, or snndl cultivated liehls in the vicinity 
of towns and viUages, show at a glance the limited extent of tin* agricultun' of tin* Isthmus. The 
roads and bridle-jKiths h*ad for miles and miles through unbroken forests, or across plains covert*d 
only with wild grass. Of late years agriculture has materially derline<K and it is a very common 
thing to nuH.'t with descTted ranches, and sugar and indigo plantations that hav(> iM'cn abandtaied. 
Tho Indians pertorm all the lalxu* in the liehls. (>ither in thrir own small pat<-lies. or as hired labor- 
ers on the estates of the wealthy proprietors. Tin* clearing of the fon'st, as now done, is a labori- 
ous and tedious pro<*ess. for the Indians poss(»ss no (»t her tools to doit \\\\\\ than rudr axes and 
machetes. A very common price for clearing an acre of lorestland is eight d(»llars. Thr ordinary 
farm laborers receivt^ about twentv-live <'cnts a dav as wam-s. 

As might be expe<-tiMl, tlu' dry, h'vel plains of th(» Pacitif sitle, the lii;ili tablelands in the 
central division, seven hundreil fret above the sc^a-lcvel. ami the Atlantie slope, intersecte<l with 
large rivers, anil abinnlantly su])plied with rain, all materially diller from eaeh other in agricul- 
tnnd pnxlucts as well as vegetation in general. 

The Paeilie ]>lains are t.'overed with scrubby-looking limbei', sueh as lignum -vita*, I>razil-W(MM], 
araeia, rosi*w<x)d, and cactus, with occasional elumjis oi' palm. I'rom some elevated point in the 
dividing-ridge, the whoh^ ]>lain, sin'tcliing from the toot of the t'ordillera to the INieilie. is dis 
tilictly visible. Its variegated tr<»pieal v<'gclation, and hen> and there :i >olihirv liilltN-k rising liU^' 
a pyramid on the' level plains, an<l the boundless blue ocean for a background, all ctunbine to ren- 
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der this one of the most beautiful himlscapes we have ever seeu. Once fairly on the plain the 
sandy roads wind through the scrubby forests, and the traveler rides on for hours unable to 
see more -than a few yards in advance of himself, meeting with neither fences, nor cleared fields, 
nor habitations. 

The soil is either sandy or a light loam, with occasional deposits of shell-marl on the surface, 
or near it. , After September there is no more rain until June, and the whole country becomes 
parched and sterile, and only such vegetation as is suited to a very dry soil flourishes at all. For 
corn and beans, and so forth, necessary for the wants of the inhabitants, sufficient land is irrigated, 
but the water-supi)ly for this purpose being obtained from the snmll rivers of the plains, is very 
scanty, and, indeed, toward the close of the dry season, most of the rivers become quite drj-. From 
October until April northers blow from time to time very violently across this plain, so that the 
gardens and growing crops require that(;hed fences or strips of timber land to protect them from 
the violence of the winds. The soil is no doubt fertile, but the want of rain and a water-supply 
sufficient for irrigation on an extensive scal(», as well as the destructive northers, f^re all natural 
drawbacks to an iuiproved and diversified agriculture in this section of -the Isthmus. . 

In the central division the country is rolling land, level plateau, or fertile valley, all covered 
with wild grasses, with here and there ibrests of palm, pine, and oak. - Some of the soil is a dark 
loam, a sort of bottom-laiul, and is very IVutile ; the renmiiider is gravel an<l sand, and is generally 
barren. A Wild grasses, well adapted for the grazing of hors<^s and cattle, grow luxuriantly in the 
fertile portions. Once a year these lands are set on fire, and the whole surface is burnt clean, at 
which time millions of insects an<l tln^ir larvte, so troublesome to the herds, are destroyed. Were 
it not for this annual wholesale destructtion of these insects, it is doubtful whether herds could 
thrive at all. On the whole, the rain-fall is sufficient to mee.t the wants of the cultivator of the soil ; 
but the northers are even more violent and destructive here than on the Pacific plains, and will 
always constitute a serious drawback to the development of a flourishing agricidture. It is true 
that there are many sheltered localities to which this does not apply. 

The soil on the Atlantic plains is a rich alluvial deposit, often twenty feet in depth^-. This 
region is generally heavily timbered, but occasionally open, grass-covered plains are mot with ; and 
in the vicinity of the large rivers there are vast open meadow-lands, subject to an animal overflow, 
and are called potreros. On these potreros the wild '' camalote," a coarse grass, grows in great 
profusion, affording excellent pasturage for herds in the dry season. The soil is remarkably fer- 
tile, and, if cleared and cultivated, would yield abundantly all the agricultural products adapted to 
this latitude and clinmte. The north wind is not violent enough to be a serious drawback to the 
cultivation of this plain ; but the myriads of troublesome insects, which attack both man and bejist, 
and the prevalence of malarial fevers during the entire year, are two gi*eat natural obstacles in the 
way of the agricultural development of this region. 

Indian corn is the great st^iple, and grows in all parts of the Isthmus and at all seasons. It is 
possible to grow four crops on the same piece of land in one year, for in three months from the time 
the seeds are planted the corn is matured, but for obvious reasons it is but seldom that so many 
crops are taken from the same soil in so short a time; it is, however, quite the common practice to 
have two crops in the same year. It is very i'ortunate that in this climate it is possible to renew 
so often this crop, so indispcMisable as an article of food, because very soon after the corn is gath- 
ered it is attacked by the weevil and ground to a powder, in spite of all the natives can do to protect it. 
They sometimes smoke tluj ears until they are (piite black, but even this does not afford absolute 
protection. The corn grown on the l^acilic side is indift'erent, and the ears are nothing more than 
nnbbins, and the best yield does not exceed liftetm or twenty bushels to the acre. On the Atlantic 
plains the ears are large, and the yield quite as abundant as that of our own fields. Tiie price of 
corn is variable, but on the whole it is probably a little less than in our own eastx.Tn markets. In 
constructing a canal, the animals and some of the laborers will have to be subsisted on the native 
Indian corn, which can, no doubt, be grown on the Isthmus, under the direction of intelligent 
farmers, quite as cheap as on the western ])rairies of the United States. 

No wheat is raised on the Isthmus, nor in any |)art of ^lexico adjacent to it. It probably 
requires a higher elevation and a cooler atnios|)here t han are to be found on any of the land suscepti- 
ble of cultivation on the Isthmus. Several attempts have been made to grow it on the elevated 
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tablo-hiuils. hilt :ill of tlioni liJiwlM*en unsiiccessfu!. Tin's is r*r*rt:iiij1y ;i ^rrr-jit iiiisfortiii)i% forouiii;; 
to tlio jLTTi'at exiK-nse of trniis|)ortiii;r tloiir on ])su,'k-niiiles from di>t:iiil |):irrs ni' Mi-xif-o, ;iiifl tlirs 
various stati:- aiul town duties it is siilijw't to in tninsit. a barrel of iiifi-rior Hour ^'o^^ts at Ti-lnian* 
ti'i»t*c' or Miiiatitlan. ^iM: and tlu.' duty on fon'i;rn lloiir is so lifavy that it cannot hi- inifHirtM] and 
.sold for a les-s .sum. 

Ri«o. at i»resfnt, is producr-d in oidy very small quant it irs. h:it as <r»oii a«« tlun- i^ a df-mand 
for it the centnd division and tln' Atlantic plains will be foiinil fajiablr of pnHhii-in;; ir in any 
quantity that may Vie desired. The aboii;!im-s jrreatly pn-ffr tln-ir oun indi:.'«-nons mai/c and 
have. theretVire. ]iaid but littlf attention to the enhivatioii tit' rirc 

MaHhk' of our j^arden ve;retables jrrow very well in all paits of" tin* I^thriiii<<. Th'* ants are very 
tnuddesouie to the youn;r plants, and in <onii- in*'tai;i«-- to tin- vi-;:i-tab!« -* tlM-rn-'i*. e^. uh«'n tli'-y 
are niatureil. We ier«illi*«'t having M-fii an okra patih. '^lien* tli«-.-c- iitil*- in-ei-t ^ ati- tin- vi-;;* iaM*"* 
as fast as tbey ii|»**ned. l«-:i\iii;: the plaiit<. vhiili heie jiinv. ti; the height of twelve |#-*-f. ?jnii!- 
jureil. S4>nie of our ve;:eTabli>. ;!> the ea hi :;»;:•• and ean^ir. for iL-taner. ;:if»v. ver. v.t-\\. but they 
do not ;ro to >*-e<l. and it i^*. theiefnii.. nee«--.>aiy t«: ;ret a ixe-h -iipjil.'i ol -ei-d li'-rn abroafi Jmf •aefi 
plantin;^. Wt- >n\v h'ttiiee. rai!i<«he-:. t«iniati^'<. >Miij;: l»«-aii-i. 1m»t-. and or.i«»;:- 'jitt^'U'.j in :).<• 
;:anh-n<. and the quality anil \ i»-!d ot i1ji-m- ve;:i-:;:lile^. eor:-iili-i!nL' 'h* ral*- niariuer if] vi-iiji r|.# •, 
are euliivat*-«I. did nr»t si-em x») \ e iii:e::r,r to thi- -ar::e in oi:i ;:;!;i'i ;.- .-,1 hi«i'i«-. The ;:irj::er ;i:,d 
the I'bilt-. I r ve;;etahhv|i*-!pp'r. an- :i.ni:d iriov.in;: v. ihL Ir -*-• r.;- r^.it ?h»- »-;»?: ha- fm;:.*! her*- a 
soil anil e'.i:natf T*aitieulail;. wi-H ;ir::;p:*-d to it-* ;,to". ?h. loi ^^i;;.!- of r!.«- '..a-t-^.f^ • ♦ ihi- \*'j<*:t'*]" 
bavi* a Mijierior liavnr ni^t f«»::nil tivr i.i" M*xie«». Tlii-re i^ ;i >n;:sll M.-.i k 'h-.i:. — Mi»' <o?:!n.'.ri li» •..'•• 
of till* fstbmu.-': — whii.-n AiiU- r'i.ivii-i'iM !r.:'ir::i- n** eara»- fiu.'in i!!y I: "ai F: i!j'i-. ••. h«-r»- :• :--?.!! 
found, and is v* un>;ivu!v iha" it i> t.,..*i-!i i::!*; bv th- p*ii«a?.rr*. : b:;: ■!]•• -.»;I .t }l*\,*n hi -•» 

■ ■ ■ a 

improvtnl it. th.it ImiHi -: i-.*fr ;:•■:- ai:d riTitive'. ie;;;,f»| ;t .:- i-:;- i ! :•.- :!,'.-t -.•.••:;. •i.-w*— o^ •!.•■ 
iTiuiiny. .>*i hi^'i.iy i-i it 4-^:t-tr:.t'd by t^^^e \wio ar«- ai.q*:. . i"i-i! •» irjj ;".'!:.:: rlji :*.:j. 'i:' la:- of 
Ha\an.i ifjiipiiri :: in I.ii.:i- ti'iantiry Jrora M»xifo. Ir ;.to" - .:$ all :•»:•- «.» th- I-*hr;.'i-. .ji.d •. i*d- 
ahundautlv. a >i:jj't.- thhi o:;»-n e":jT.i;ii ::.'./ a* njiin*. a* :vi:,f. ■--.::i». ll/i- I; ->, tp,' jr., if.^ - :.'i^ 
tiiruri^h ht-r»-. b"" :..iti:r:;i:»-!y Th»r»- :* an e.\«-e;li-:ir •;/'-;. :r;-i- : .; .r ir, rh*- *'.•.'■•.-. i,; o::.'-«*^d 
eHCurnli»-r. vrb:i!i -TTi.'^.* •::: a vi:i»-. ,i!.ii :- :•! '••• h.v! .■• • ! -^. .-/■■.- ••• :!.«• :*:t:. 7!-»-;»- ;- a t,f.it*4- 
y*tTl *'l •''■'••-ft ••• r.i''*. «•;!!•■•!. ::i M*-"*::*-'!. t'i%u.*t*f, '^].:*)i '.i*-!-!- i.'> n-. '[.::*'.■ . ,\:.*\ :!,*• * •..•.':•■. of jr 
coi-!il di»:i^"!»-^- !*- :k::':i»^»-«1. «■: ?--•:•■: \ ;:;>;:•• rriij:.* ri-iii!.!-; '*■ :*.v «1 .'»-«l. 
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d»-*-rr»-d pla:i*.-.:!i'r.* • :* "r.f- *.:.*.••: •:.•- * • .:/-:«• -.i!* •--. --her. -;...•--.. • •.•-..; • ;-. .-r .-.-•. 
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toct the cacao-tree from the scorching rays of the sun, and the coral-tree, or "niadre de cacao,'^ as 
it is called, is planted with the cacao for this purpose. The cacao-tree does not begin to bear the 
cacao-bean until about the sixth year after planting, and then continues to produce two crops a 
year for forty or fifty years. About two hundred trees are planted on an acre, and a fair yield for 
which, at each crop, is about two hundred pounds of cacao-beans, worth on the Isthmus about 
845. A cocao plantation does not require much labor, nor a great deal of care, but considerable 
capital is necessary for an undertaking of this sort. The chocolate found on the Isthmus is often 
very good and sometimes very inferior, which is doubtless owing to the different manner in which 
it is manufactured from the bean. There can be little doubt that this beverage, indigenous to the 
country, and found in common use among the natives at the time of the Spanish conquesf, is very 
healthful and nutritious for foreigners residing in this climate, as well as for the native inhabitants, 
wlio prefer it to coffee, and use it to a much greater extent. 

The best tobacco found in ^Mexico grows on the Isthmus of Tehuantepec, on the Atlantic plains 
west of the Coatzacoalcos Kiver. It is extensively cultivated by the Indians belonging to the 
towns of Jaltipan, Acayucam, and Chinameca. The same people also manufacture from this 
tobjicco very good cigars in consid(»rable quantity, for exportation, ihc best of which the smokers 
of our party declared to be but little infericu* to ilrst-rate Uavana cigars. The best brands cost 
in Chinameca only fifteen dollars a thousand at ret^iil. 

There is a plant b<jlongnig to the genus agave, and called on the Isthmus ixtle, or pita, of 
which there are several varieties. From the long, large leaves of this plant a very superior quality 
of hemp is obtained. Although in appearance it is similar to the well-known sisal-hemp of com- 
merce, upon a close inspection the ixtle or pita is found to be a much finer fiber, and some of the 
varieties have a silky texture. The plant grows wild, and is also cultivated, which is said to 
improve the ciuality of the fiber. It is planted in rows about four feet apart, and at intervals of 
two or three feet. The leaves, which are of a bluish color, grow from a fleshy bulb like a pine- 
a])ple, and are from two to five feet in length, and about three inches in width, tapering to a point 
which is capped with a long thorn. The outer leaves, being the oldest and largest, are cut off from 
time to time, as they mature. At Santa Maria Chimalapa, it is a very common thing to see two or 
three rows of this plant surrounding the houses, within a few feet of the walls. Cords, cloth, 
hammocks, and thread are manufactured from it. It is probable that the best varieties would, 
owing to the fineness of the fiber and its silky texture, be found very well adapted for the fabrica- 
tion of certain sorts of fine dress-goods. At present they have no means of dressing and cleaning 
it, except by a tedious and expensive hand-process, and this circumstance, so it is said, renders the 
collection of this very excellent fiber unprofitable when undertaken on an extensive scale. A Ger- 
man blacksmith in ]Minatitlan claims to have invented a machine for di-essiug the pita, but we had 
not an opportunity to witness it in operation. 

The most important article of export cultivated on the Isthmus is indigo. Its cultivation is 
confined entirely to the Tacific side, in the light soil and dry atmosphere of which this plant seems 
to do remarkably well. Owing to intestine wars and other political causes, the production of indigo 
has greatly declined in the last fifteen or twenty years, but under favorable circumstances the 
cultivation of this valuable article of commerce could be easily revived. The plant {Indigo/era 
dispcrma) which yields the indigo of counnerce resembles in general appearance a small asparagus 
plant after the branches have formed, but 'the leaf of the indigo-plant is not like that of the aspar- 
ajrus, for it resembles verv closelv the leaf of the common locust. It is planted in rows tw^o feet 
apart, so as to allow the earth to be hoed. New huul yields the best crop, and is therefoi-e generally 
selected. One planting lasts four years, and one crop is gathered each season. The yields of the 
se(*ond and third years are always the best. About forty pounds to the acre is considered a good 
crop. The indigo grown and manufactured by the rude process used by the Indians is sold in 
Itztaltepec for about seventy-live cents a pound; but an intelligent American, engaged here for 
several years in the cultivation of indigo, inlbrmed us that he always sold his crops in England, 
where he obtaine<l as much as two dollars and a half a pound, which rendered his oc(nipation a 
very i)rotitable one. To extract the indigo, the whole plant — leaves, stock, and branches — is soaked 
in water for a certain i)eriod, generally less than twenty lour hours, when a sort of fermentation 
takes i)lace, and the indigo is (extracted and hehl susi)ended in the water. This is then drawn off, 
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tbis circiimstauec wo supposed, of course, it eontaiDe«l some bitter ]»riueipl«% l»ut, on t;isting it, we 
found it contained nothing of the sort, but, instead, was very vwh in uuK'ila;:^. to whirb it probably 
owes its medicinal vahie, if it really possesses any. Tbe tree wliu-h tin* Indians rail ct '[laKbi is abund- 
ant on the Paeilic plains, where its scanvd tratik. stripped of its lurk, c»t:»s:antly attracts tin- 
notice of the traveler. It is of medium size, with lon;r sj>readiii;jr l)randies and sr.mty fuliaf^e, and 
the bark is a li<rht jrray color, very bitter to the taste, and slightly aromatic. This is not cascarilla, 
as some have supposed. The Indians use it in the form of a decoction of the bark in the tn*at- 
nient of intermittent fever, and there can be but little doubt of its etiicacy in this comi>hiint. 

The Ule, or India rubber tree, abounds on the Atlantic plains and in some localities on the 
elevated table-lands. The tree here is never lar^e, its trunk being rarely more than one loot in 
diameter, and it is easily distin;;^uished in the forest by its larji^e curse leaf, which somewhat 
resembles that of the multicaulis, or Chinese mulberry. At the present time only a small «juantity 
of the gum is collected, but owin^r to the lar;re number of trees in this re;j:io:i aud the increasing 
demand for this sul)Stance, the day is probably not far distant when this valuable ;ruin will be 
gathered here in large quantities for exportation. 

There are many varieties of the agave, but the one whieli yiehls puhju**, the famous Mexican 
drink, does not flourish in this [lart of the ivpublic. The Indians make a ilrink from the bullions 
]>ortiou of the wine-palm, which is found growing everywhere in the torest. 

The matapalo, or tree-killer, a singular vino, which tinally beeoaies a tree, is constantly m«-t 
with on the Atlantic plains, and is of sutlicieut interest to merit a brief notice. It starts as a little 
vine not thicker than a watch-cord, and eitln*r asceiuls the tree it is i<» dost my, or gn»ws as a para- 
site on one of the branches, establishing, after awhile, its connection with the earth by sending 
down roots. Increasing in size, it tinally envelops the trunk *if the trei* and its branehes with hui:^ 
coils, which by this time have grown to be a largo mass of wood, and the original tree is quite cun- 
ceale<l save a few limbs, perhaps, which have escaped. We noticed sevt-ral royal-palms «m the 
banks of the Coatzacoalcos, whose tall, straight trunks were completely «'nvelop«Ml by tho tre«.--kilhT. 
but the graceful branches of the palm were seen towering above tlie tree-killer, and apparently 
ingrafted upon it. It always destroys the tree it attaches itself ti», and then >hortly dies its«'lf. 
And finally, the famous tree-fern, so full of interest on account of its l»eing the S4»le living n«pre- 
sentative of a class which in past geological ages formed dense primeval fun-sts everywhere, is 
seen giowing in profusion in the shady groves, where it often attains a height of thirty feet. 

TI3II5KK FOi: CONSTRUCTION. 

Good timber, suitable iov purposes of constructi(m, is exceedingly plentiful on the Isthmus. 
Fortunateh there are many varieties of it. quite suttieicnt in number to supply the viirituis reiiuire- 
ments iwrtaining to the buihling and openiting <»f the proposed intert>ceanie canal. Most gener- 
ally it is found growing on the unoccuiued jmblic lands, and can therefore be <ibtained at very 
little original cost. 

In the Chimalapa region, along the banks of the Upper Co:itzai-t>aleos and on the iJio r*h)n<-o. 
white pine, pitch pine, white oak, cypress, nunnniee-sai>ote, and chico-sapot** alNiund. Many of the 
pines are of large size, and v«*ry tall and straight. On the plains of Tarifa the pine apiiears lirst 
at an elevation of about nine hundred feet above the sim, and in the Chimalapas they are tirst nnt 
with at a height rather more than this. On the high ridges in many places tln-se gigantic trees 
form extensive foivsts. quite freif from underbrush or shrul»s or trees <if jiny <)ther sort. In these 
beautiful groves the earth is covered with a growth of green grasi; which, ('oml)in<Ml with the agn-e- 
able fresh odor of the i)ine and a brat-lug atmt»sphere. renth*rs tlu'se pim»-grov«'s exceedingly enjoy- 
able after a sojourn in the swainiis and on tiu' rivers. The oak Ion lit 1 hen* is inferior lo the same 
tree in the Unitetl States, but ir is nevertheh-ss of i'onsidt*r:ible vahn- as timber for const rin*t ion. 
The manimee-s;iiK)te resembles the chest nut-tn-e. It is ni»t attacked by ins^-tts, an«l has bci*n 
already extensively us<*d in this vicinity, so we are inturined by an engineer, fur cross-ties un the 
railroad now in the course of construction betwi-eti Vera Cruz and the lity of M«'xico. The chi<-i»- 
sapote wooil is dark, and resend»h*s black walnut, but it is tiui-ln-r ami the grain i> finer. 

These valuable timbers of the Chi mala] la region can in* iiiiaT*d iluwn ihe Cnai/acoah'os and 
its tributaries to some convenient point, vlifuce they «'an be tran^^pnrteil wln-rcver neeiied on thu 
S. Ex. 10 
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Istbiuus. The numerous rapids on this river afford at almost any point abundant water-power for 
sawing lumber. 

On the Atlantic plains mahogany, cedar, (Ccdrela odorata, i.,) macaya, guapaque, mammee- 
sapote, and piqni, or iron-wood, are abundant, and all of them are well adapted for building pur- 
])oses. Both the mahogany and the cedar are sawed into boards at Manatitlan, and are used in 
buihling houses there. The Indians use these two woods for making their canoes, or dug-outs, and 
it is said the cedar is slightly preferred to the mahogany for this purpose. One of these dug-outs, 
it* i)roperly taken care of, last twenty years, or even more, which gives one a very good idea of the 
durability of these woods when exposed in this climate. The macaya, guapaque, and iron-wood 
are hard and durable, and since they are indestructible by insects, are, like the mammee-sapote, 
well >pda])ted for railroad cross-ties, spiles, an<l the like. 

On the Pacific plains lignnm-vita^, rosewood, calabash, and ebony are the most common and 
most valuable woods for construction. They are all small and very hard. Along the lagoons and 
near the water-courses there is a small quantity of mahogany, mammee-sapote, and guapaque. 

The ceiba is the most conspicuous forest-tree seen on the Atlantic plains. It is of great size and 
spread, and has huge roots above the ground, which, in their arrangement, resemble somewhat the 
knees of a ship, and serve as natural supports to the trunk. On the Pacific side the ceiba is not 
very common, but the hammatti-tree, which closely resembles it, is frequently seen. The latter 
has a larger leaf than the ceiba, and its foliage is more abundant and of a deeper green color. 
These huge trees possess no value as timber, for the wood is very soft, and decays in a short time; 
and they are also of very little importance as fuel. The swamp-willow is found gi*owing along the 
banks of the Atlantic rivers, but this tree here is always small, rarely more than a foot in diameter. 

ROADS, TRANSPORTATION, AND CANOE NAVIGATION, 

The roads on the Pacific Plains are very good, considering the small amount of labor and 
money expended in constructing them and keeping them in repair. They are passable for the 
rude oxcarts of the country, and are considerably used in transporting timber and produce. 
There is not sand enough in them, as might be expected, to render hauling difiicult, but in the dry 
season they are very hot and dusty. No bridges of any sort are found here, and the same is true 
for all other parts of the Isthmus. The streams have to be forded, which, however, is readily done, 
even in ox-carts, except for a few days toward the close of the rainy season, when the rivers are 
so flooded as to be quite impassable. The soil and topography of this part of the Isthmus are of 
such a nature that excellent roads may be constnicted in any direction at very little expense. 
These good roads do not, however, extend much beyond the limits of the Isthmus, even on this side 
of the Cordillera, for the road leading from Tehuantepec to Oaxaca is hilly, rocky, and quite 
impassable for wheeled vehicles of any sort, all the merchandise which passes over it being carried 
on pack-mules. The Cordillera, on the Isthmus of Tehuantepec, is pierced by five passes, through 
all of which, except the Masahua Pass, there are traveled roads or bridle-paths. The one in La 
Chivela Pass is the best known and most used, and was constructed about twenty years ago by 
American engineers; but it has fallen into decay, the bridges are all destroyed, and deep cuts and 
washes render it generally impassable, except for mule-trains and persons on horseback. With 
great difficulty, however, light carts are occasionally forced up this road, so we were informed. 
At Tarifa Pass we found the best natural opening through the Cordillera. Here the road makes 
no windings, nor ascents and descents, but penetrates the divi<ling-ridge in nearly a direct course, 
and by an ascent which, for the most part, is very gradual, reaches the elevated plains of Tarifa, 
and the entire length of the passage cannot be more than three miles, for we passed over it, our 
horses walking slowly, in one hour and ten minutes. Upon the level, open plains of Tarifa and 
Chivela, the roa<ls are good and suitable for ox-carts. Further to the north, proceeding across the 
Isthmus, the roads become mere paths, which wind over hills Jind plains and through dense forests; 
crossing from time to time rivers, which are always fordable on horseback, except for a few weekfe 
in the height of the rainy season. North of the Jumuapa or La Puerta River the roads arc but 
little used, on account of the mud and water, and the canoe navigation begins there and takes their 
place. There are roads from La Puerta and Siichil to Miuatitlan which are passable for mules and 
horses in the months of March, April, and May, but even then they are little traveled, the natives 
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preferring to make the pjissajjo in their canoes. It is not only in erossiug tlie Istlimns canoes aro 
employed, but nearly all the transpoi-tation and travelin;^; on the Atlantic plains, in vari«uis ilin-e- 
tions, is done by this means. These canoes are made out of a M)lid sti«'k «»r niaho;^:|]iy or n-d 
cedar by the natives, and are of all sizes, from the light travcling-<*an(M», capablrof holding l\vi> 
l>ersons, to the large cargo-canoes, uhich carry six tons of merchandise (»r ]>roduce and half a 
dozen passtMigers. Many of them are nicely finished, with seats and ro\v-hM*k<, and have liiii* 
models, which is highly creditable to the builders, considering they have no other tocils than nuh* 
axes and machetes. Toward the stern a section is rooted <)ver, by bending small sticks and fasten- 
ing them to the side of the canoe as sort of rafters, upon whi<'li a shingling of green (»ba-lcaves 
is tied with the bijuco-vines. This is called the casa, or house, and is set ai»art for the aceoianio- 
dation of the passengers, and aft'ords sulJicient jnotecticm from the sun and min. Three Imlians 
compose the crew. The most exjierienciHl one takes his seal in the stern, and steers with a padiUe. 
and is called the captain or patron, and all his commands are promptly obeyed. Tlie <»thers, who 
call themselves palenqueros, push the cratt with long poles, to the end of which a forked piece of 
very hard wood is lashed. These fellows, standing in the bow, plant their poles on tin* bottom of 
the stream, or against a log or the lind> of a tree, and then push the canoe forwanl. walking aft as 
she goes until they reacrh the after-i)art of the vessel, when* they witlnlraw tlnMr poles, march 
forward again to the bow, and plant them for another push, g4»ing thn»ugh eaeh movement with 
the prtH'ision and uniformity of a military drill. The skill these people display in managing and 
propelling their canoes along the river-banks, obstructed with snags and rapids, i.s truly surprising, 
and on many occasions called forth our hearty conunendations. Aseemling the rivt^-s, all of whi«'h 
have constant downward currents, the canoe is kept within an arm's length of the shore, and 
lifteen miles is considered a good day's work, if the cirw has a heavy load, but a light traveling- 
canoe often makes as much as thirty miles in a single day. Descending, paddles are used, ami tito 
craft is run in the center (if the stream, to take advantage of the eurrent, when tifty mihs can be 
readily accomplished in one working-day. At night all hands abandon the eantN's, to slee]> on 
shore iu the Indian huts or on the river-bank. The patrons invariably recommend this course on 
account of the danger of being attacked by alligators in the eanoes at ii^ht. 

nigh up the rivers, where there an* a great many strong rapi«ls, the Indians navigate the 
streams on the balsa, which consists of three unhewn loii!^. each about twelve fe«'t hmg ami «-ight 
inches in diameter, fastened together by wooden pins. An unusually light wood, the pali»-muiati». 
18 selected for the construction of balsas. They carry two or three persons, ami ilraw oidy alniut 
six inches of water, and, being very light, the natives carry them on tln-ir shoulders around the 
rapids when it is not ])ossible to ascend them. 

Tlie novelty of this mode of traveling, the dense overhanging tropical vegetation on either 
river- bank, the huge trees, covered with a thousand «'urious parasites atid «'piphytes, the beautiful 
hanging vines and creepers, the long lines of the feathery hymbal ami green eamoloie. forniing 
here and theix? trim borders to the river, and looking like we!l-ke]>t hedgi's. th«* numi*rou.> ilocks of 
screaming parrots, the moidceys chattering in the tn*es, and the water- low Is. in alm«»^t inlinite 
ntimberand variety, lining the beatdi and wading in the shallow streams, all combined to make the 
ascent of the rivers, as we went slowly along, day by «lay, i'xciM-din;;Iy interesting and i-njoyable. 
But we passed sleepless nights, tormented l>y inyria«ls of insi*ctsand«'hilled by the cold wimls and 
rain-storms. 



C'lIAPTKR IV. 

IN hat; IT A NTS. 

It is estimated that oftheS,0<MMtnOinhaliitantsr)l tiie lepubhc of Mexico. rijHto.oou an- Inillans, 
direct descendants of the Aztecs and other alMui^inai tribe> andracc^. On thi- Nthinu^ot' Ti'liu;in- 
te|K*c, as iu all sparsely settle<l distrii'ts of the republic thi* ]»nip>tr;iiia ot' !:i«li.i!i p>ipul:i'i<iii i^ much 
l^'ater than this. The aboiigines, although a con<pi« n-d race, and rcdi:r»-d in iIh* c«iTi4iiti<i:i of 
laborei'S, possessing neither pro]»erty nor education, have. neveMliele«*<H. Idcntiticd tlii-m>«( Ivis 
with the dominant European nice, adopting their laws ami their reli;:ioii. aiid. t4» Mune extent, their 
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civilization, differing: in these respects greatly from the less fortunate Indians of the United States, 
or those that Cohimluis found inhabiting the islands of the West Indies. The latter race has become 
extinct, while the wretched condition of the former, our own Indian tribes, is well known to every 
one. This difl'erence in favor of the Indians of Mexico is probably owing to their more civilized 
condition at the time of the compiest, and also to the fostering care of the Roman Catholic Church. 

In the larger towns there are a few Americans, English, French, Germans, and Italians, who 
are generally engaged in mercantile i)nrsuits, but the whole number of them on the Isthmus does 
not exceed two hundred. There is a larger class, composed of the direct descendants of the Spanish 
conquerors and European emigrants, mixed more or less with the aboriginal races. The officials and 
persons of wealth generally belong to this class. The Indians call them " gente de razon,^ people 
of reason. They are rather darker than Spaniards, and neither so large nor so handsome. 

The Indians are found settled over the whole Isthmus, generally living in towns or villages, or 
large haciendas. They are of a mild and gentle disposition, little inclined to war or cruel pmc- 
tices. They seem to have but little natural fondness for hunting, although the country abounds 
in game. The men are rather smaller than the Indiansof our own western plains, but, nevertheless, 
they are very muscular, and possess, many of them, wonderful endurance;. In color they arc lighter 
than our own Indians, and their feaTur(»s are much finer, and the expression of the face is more 
l)leasing. The women are small and delicately made, and many of the young ones have beautiful 
ligures, approaching nearer the classic models than any living female forms we have ever seen. 
Their hands and arms are particularly delicate and well-sha]>ed, which characteri8ti(?, considering 
the great amount of manual labor they perform, is probably an inheritance from their Aztec fore- 
fathers, many of whom were accustomed to a life of ease and luxury. The hair is cojirse, straight, 
and jet-black, and the men are without beards. The dress of the females consists of a skirt, usually 
of white linen, which is made by fastening a square piece of the material about the waist with a 
belt, so that the robe hangs gracefully about the hips and reaches below the knees ; the chest and 
shoulders are often covered with a cape made of the vsame stuff, but it also often hapi>en8 that no 
covering of any sort protects the upper part of the body. The men wear white cotton pantaloons, 
and have the singular habit of rolling up the legs as high as possible; the shirt is of the Siime 
material, and is worn outside the pantaloons. In the winter season the thermometer occasionally 
falls as low as 59^, but no additional clothing is ever put on. Both sexes wear sandals made of raw- 
hide, which are tied to the feet with coarse thongs. One of the thongs always passes in the space 
between the great toe and the one next to it, and these toes are, in consequence, widely separate<l; 
and we often noticed this peculiarity in the feet of little Indian children who had never worn san- 
dals. The male children go entirely naked until they attiiin the age of puberty; but the female^*, 
however young, are always clad as modestly as their mothers. The walls of the houses are usu- 
ally made of bamboo, occasionally plastered with clay, and the roofs are of thatch, either palm- 
leaves or grass. Instead of nails, hinges, bolts, and so forth, the several parts are lashed together 
with " bijucos,'^ or vines, which serve all the purposes of ropes, and last longer. These rude dwell- 
ings are destitute of floors, chimneys and windows. There are no tables nor chairs, and the people 
squat on the earth to take their food, the whole family eating from one dish in common. A ham- 
mock is found in nearly every house. These people are invariably hospitable to strangers, and 
often (cheerfully giv(^ up their bod and hammock for their accommodation, for which they never 
make any charge; but if any food is taken, they expecrt to be paid for it. The dogs, pigs, and 
chickens occupy the house in common with the family. The women perform all the house- work, 
assist in cultivating the mili)as, and prepare and cook the foixl. They rise before the men in the 
morning, often as early as three o'clock, and begin the preparation of the morning meal. 
AVe found the Indians remarkably honest and iaithful attendants, and not one of our party had 
anything stolen during our residence on the Isthmus. The robberies in Mexico are rarely com- 
mitted by this class. 

Nearly all the men speak the Spanish language in addition to their own Indian tongue; the 
women, however, rarely know any other language than their own native dialects, which, for each 
tribe, is quite a distinct language, ami is not generally understood except by the imlividuals of the 
same tribe. In conversation between Indians who understand and speak Spanish very well, we 
observed that they invariably employed their own guttural tongue, seimiing' to prefer it to the 
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Spauisb language. Except in large Spanish towns, it is selilom that an Indian is found who is ablo 
to read and write. In large Indian villages of two thousand inhabitants, there are no sehools of 
any sort. Formerly, when eaeh village had its priest, a few of the children were taught to n»ad 
and write. But it does occasionally happen that an Indian, in despite of the absence of an early 
education, and the feeling of caste, which is very strong against hini, attains an eminent position 
in the state or hi the army. 

The Christian religion, introduced by the Spanianls more than three hundred years ago, is uni- 
versally professed by the Indians, and not a trace of their ancient religion seems to nnnain among 
them. They appear to regard with horror and avoid with supei-stifious fear all those* phuvs 
reputed to contain remains or evidences of their former religion. Indeed, it is singular, but it is 
nevertheless quite true, that the Indians now-a-days pay more attention to the ceremonies belong- 
ing to the Christian religion than the wliite races who introducc^d it among them. We observed 
that, a« the Indian villages were more remote from the centers of European civilization, the services 
of the church were more r(»gularly performed, notwithstanding the absence of priests. In such 
remote Indian villages the "ave" and the "oracion" are constantly heard, while in the larger Spanish 
towns the churches and convents are useil for barracks. The hnlians have the right of snfirage, 
and very generally exercise it. In their own villages the ]>resident and alcalde are gener.dly 
appointed from their own class, and exercise authority as Mexican ollicials and not as the chiefs of 
the tribe. There are, however, a few of the aboriginal laws and customs still in existence, as, for 
instance, the village or tribe possessing land as a common property. In their music, s<mgs, :ind 
dances they have retained much that behmged to the original inhabitants of the country. The 
arts, for which this race was at one time quite celebrated, have nearly all b(K?n lost; perhaps the 
manufacture of pottery and certain sorts of dyed-fabrics ai-e the only exceptions to this nde. In 
the marked preference for certain kinds of food and the manner of pn^paring it, much that belonged 
to the ancient Mexican is constantlj' noticed by the travehn*. Corn or maize is the staple article 
of food, and takes the place of rice for the Asiatic, or wheat for the European. In preparing it for 
food the grains are soaked in lime-water for live hours, which loosens the husks or skins, when they 
are removed by rubbing with the hands. The corn is then placed on the met hit I, a liat stone, and 
ground to a line pulpy mass, after which it is made into thin cakes, and baked on an earthen griddle. 
These Ciikes are very well known as the "tortillas,^ and, if well made and eaten when quite lnjt, aw 
rather palatable. When th<\v are baked brown, they are called " totoposti,^ and taste lik«» ]>arch(Ml 
com, and foreigners generally prefer them in this form to the tortillas. They will keep for s«'vcral 
weeks, and the Indians always take a supply of them when they go on a j(mrney. (i rinding 
com acconling to the Indian plan is very laborious and tedious, and requires one woman to work 
about five hours daily to prepare enough corn for a family of four persons; but in spite of this, all 
attempts to introduce mills and hand-machines for grinding the corn have resulted in failure. 
Everj' male has a machete, a long knife resembling a sword, with which he builds his house, clears 
the land and plants the seeds, defends himself from wild beasts, and attacks his enemy in battle. 

There ai'efive distinct tribes f(mnd on the Isthmus, each of which occupies a ditfen»nt section 
of the country. The language of each tribe is quite distinct, and is neither understood n(U' spoken 
by the other tribes. The most friendly relations exist betwecMi all of them. 

The ZaiK)tecos inhabit the Pacific plains and the elevated table-lands from Tarifa to Petapa. 
They are the most intelligent as well as the most industrious Indians im the Isthmus, and, in ]mt- 
soual nppi^anin(*e, are sni»erior to any others. Tins ra<*o, at the pn'sent time, inhabits an exteiisiv«» 
region along the Pacific coast, both east and west of Tehuantt'iJee, and was once one of tin* nmst 
powerful of the aboriginal tribes. They wen^ able to d(»fy for a long time the Spanish soldiers, by 
their brsivery and skill in war, qualities for which the raei* is quite i'eh'braied to this «i;iy. li«*«Mnt 
inteHtino wars have nearly desolated their section of the Isthmus. Tin* cities of .luehitan and Te- 
hnantepec liave been repeatedly sacked and burned, and tlie country of tlie Za[)ote(*os has greatly 
declined in wealth and prospi^rity in the last decade, and the population has materially fallen oil*. 
The women, many of them, are very handsome. They wear, instea<l of the (udinary plain white 
skirt, one cx)mposed of strips of various-colored mai^erial, witii the strips so arranged as to encircle 
the body, which makes a very gay and pleasing costume. The> an- also extn'UU'ly fond of the 
T^Tian purple skirt, the <lye of which is obtained from a shell-lish (AplysUt tUpUans) found along 
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t . ^ ;• .■ :# ven- tedious, for each slidl only 

^. ! .;. >»[i!tt*ziiig tlie slidl-fisli. The t'librie, 

^ .- ;.-:> • t marerial) not unfrcqiuaitly Imuix sold 

A . *-•: i:i KnjrlaiKl and sent hero for s:de, but tlie 

» X ; rv Vr the native artide, althouji^h it is much 

^ ^^^ . s.:^.-.».iiXf lishy odor, which is said to be hij;hly 

. -»• o.Jiiiposed of a native white hire, is a striking 

i . ..\ I >. >o far as our observation extends, eonlined to 

^ . u- . '■'. Iii^ii ^ve took while residin*^ anionj^ them, is np- 

. . : ^I ro four towns neartlie i\ieifie Oeean, viz: San !>riiteo, 

V ■;■ : -isco. The men are tall, welI-forme«I, and possess fjreat 

:::-. a are u^ly and very repulsive in appearance;. They have 

.*ML ncijrhbors, tlH» Zapotecos, and they are greatly inferior to 

<, , M'A bravery. Fish is their ]»rinci|>al article of food, the rivers 

^ vV.iidiniL: in them, and flshini^ is their chi«'f (Mfcupation. They sup- 

•.!:i- Isrhnius with salt lish, which they carry on their backs in hu;;e 

^ ., :i :.»wn to town seeking purchasi;i-s. They were but little inclined to 

^ x.r.'lrer in their lionses, and we only obtained what we required by makinj^ 

:lw >;i!ne on the alcalde. Their towns are rarely visited by strangers, and, 

,• women and children rau away and hid themselves, screamini; as thev ran, 

■ .,:v *::v' wilh tri;;rht. 

\ V Ni^i b> some ]>crsons that these Indians are the descendants of enii«^ants from Peru, 

,: >, .»\ory oi' America, and a tradition to this eftect is said to exist amon^ them. From 

• i!u iiisolves we were not able to get any information on this point. AVe asked one of 

inielii.srent of them what lan*2:uage he spoke as his native tongue, nnd he reiilied in 

*, .^ <:», ill a vt*ry lolty manner, ''the hmguage God gave my peoi)le.'' It is regretted that cir- 

, .1 inmiuc^^ prevented us from collecting a vocabulary of the Innguage spoken by this isolated and 

X. }c;uKir Mib«% ihr it might have thrown some light on their origin and history. 

riie igm>rance and simplicity of thesi* people are very well shown in the following story which 
IS relaied concerning them. At the time the French lleet which accompanied Maximilian was 
evpecied to land in Mexico, the president of the republic sent to each pueblo a requ<^st for a con- 
iributinuid' mon<% and at the same time directed that all the i)eople shouhl not fail to do their 
utmost to ivpel the invaders. The Uuaves, in return, vsent thirty dollars, and said that, should the 
expiM'ted tleet appear oil" their coast, they would immetUately go out in their canoes and attack it. 

The Si>ques, or Ohimalapas, occupy the mountain towns of Siinta Maria and San ^liguel, and 
number altogether about two thousand souls. It is said th<\v came quite recently from the neighbor- 
ing state of Chiapas, and their distinct language and different persoiud api)earance lend some credit 
to this report. In stature they are short, with large chests and powerful muscles. They are rather 
darker than the Indians of the plains, although the true color of their skin is often greatly obscured 
by tlH» iiinta or leprous skin-disease which is so common among tliem. Jioth men and women liav«i 
very repulsive countenances, but they are quite harmless ami <locile. The men an^ extremely 
intemperate, and it is quite within the bounds of truth to say that half the nudes are constantly in 
a state of intoxication ; but, strange enough, none of them are refractory or quarrelsome when in 
this condition. During our stay of fourteen days iu the town of Santa Maria Chimabii)a, where 
intemi)erance is so prevalent, we did not hear of nor see a single case of mania-a-potu, nor any 
other disease the result of drink, at which we were not a little surprised. The liquor most iu com- 
nu)u use is kiu>wn as aguardiente, or chinguirito, is colorless, and has the tlavor of rum, for it is 
nuide from the juice of the sugar-cane. In nearly every Indian hut a primitive still is ke])t for this 
pur|)ose. We di<l not see any females intoxicated, and at the liestas wi^ observed the women 
iH'ither ate nor drank with the men, but served them ; nor did they take any part in tin* singing 
and daiu'ing. The men are very ignorant and superstitious, and exceedingly timid. They di'elined 
at lirst to accompany the party in the exploralicm of the headwaters of the Coal/aeoalcos lliver 
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from fear, so thoy said, of being destroyed by wild beasts, liu;:e ser])onts, and violent tempests, all 
of wliich tbey assured us were to be met witb in tbe re*;fion we proposed to visit. 

. The injurious and disgusting praetice of eating earth is (piitc common in tliis tribe, and espe- 
cially in the town of Santa 3Iaria. The earth selected for this puri)ose is a very white clean S4ind, 
(kaolin,) which in aj)j)('arance is not unlilvc the ordinary granulated sugar constantly seen on onr 
tables. Little holes are seen about the streets and by the roadsides, a foot or more in d(^ptli, and 
large enough to admit the hand, from which the earth is obtained. In the house fonnerly occupied 
by the priest as a school th(;re are great holes dug in the rude earthen jdastering, which we werc» 
told were made by the pui)ils to g(?t earth to eat during school-hours. The practice is most ccmunon 
among the children, and in a short time produces a dropsical e(mdition of the whole bo<ly, with 
jaundiced skin and eyes, a didl, vacant stare, putty cheeks, and a slow and unsteady gait. In answ<'r 
to our (piestions, (madt^ to a boy of fourteen years of age.) " Why do you eat this earth ; do you like 
the taste of it T Jle said, " It is one of my vices,'' and by his behavior seemed to be ashamed of 
it. The language is very harsh and gutteral, an<l a vocabulaiy of it, tak(Mi during our ivsi<lence 
among them, is appended. 

The Mijes, in personal appearance, habits, and language, resemble very nuieh the Chimala])as, 
and are probably the sanu* rac(», although they regard themselves as having a distinct origin, and 
are at present a separate tribe. They have but one village, San rluan (ruichicovi, in the vicinity of 
which thej' cultivate a considerable quantity of corn and frijoles, and they also raise mules and 
cattle. They have exi)ended a good deal of labor in making roads leading to their mountain vil- 
hige, and in this rcvspect they arc in advance of their Chimalapa neighbors, as they an», indeed, 
in many others. Intemperance is their besetting vice. The habit of <lrinking to excess is nnu'li 
more common among the mountain Indians than those inhabiting the plains, and this rule is quite 
universal on the Isthmus, the reason for w liicli, however, is not very apparent. 

On the Atlantic plains we find the Atzec or Mexican Indians, ami they s]>i>ak the Nahuatl, or 
ancient language of ]Mexi<*o, used in turn both by the Tolte<*s ami Atzecs. Th(\v are nearly equal 
to the Zapotecos in personal appearance juid sui)erior in i>hysiciue, but they are more grave and not 
so intelligent. They are remarkably peaceful, and local n4)ellions are vtM-y rare among them. In 
cultivating the soil and cutting the valuable timber fcmnd on the Atlantic plains they find remu- 
nerative emi)loyment. ^lany of them are occupied as raftsnu»n and boatmen on the rivers, and, 
trained to these occui^ations from boyhood, become very exi>ert and trustworthy. 

There are a few Zambos or nudattoes, who chiefiy inhabit the village of Kl l>arrio, the most of 
whom are employ(»d as muleteers. Their negro ancestors were introduced into the country as slav«»s, 
to cultivate the ^larquesanas, when these estates belonged to the wealthy successors of Cortes. In 
many respects these nndattoes are snj)erior to the aboriginal iidiabitants surrounding them, abnn 
dant evidence of which is to be found in the rectMit increase in po[)ulation and wealth of Kl Barrio, 
their town, which, less than fifty years ago, contaiiu'd about a dozen hous(»s; but it has now a out 
fifteen hundred inhabitants, and is commercially the most important town in the central division of 
the Isthmus. The inhabitants we found on the banks of the Us]>auapa IMver are all mulattnrs, 
who st^ttleil there quite recently, emigrating from Tabasco. A French colony was started on tlu^ 
banks of this river in 1S2S, and their clearing, which is of considerable extent, is visibh* y<»t. Our 
guide informed us that most of the eolonists died of the fever, and a number of others committed 
8nicide. It is certain that not one of them is left. There are no inhabitants on the river higher 
np than thirty miles from its mouth, and it struck us as rather singular that the Indians have 
never occupied the fertile lands which border this fine river. 
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Languages of the aboriginal tribes — Continued. 



Eu^UhIi. 



Znpoteeo. 




I 



Pino. 
Maize. 
8(iuasli. 
Flesh. 

Wolf. 

Fox. 

Deer. 

Mure. 

Tortoise. 

An animal, (indeiinite.) 

Fly. 

^losquito. 

Snake. 

Rattlesnake. 

Bird, (thing that flies.) 

Feathers. 

Wings. 

Turkey. 

Pigeon. 

Fish. 

Name. 

White. 

Black. 

Red. 

Light-blue. 

Yellow. 

Light-green. 

Great. 

Small. 

Strong. 

Old. 

Old man. 

Young. 

Good. 

Bad. 

I>ead. 

Alive. 

Cold. 

Warm. 

I. 

You. 

He. 



(je-re-beje. 

Shu-bah. 

Ge-to. 

Bivlah. 

Be-ko. 

Gay-u. 

P>ay-tay. 

r>e-je-ilah. 

B(van-na. 

Bt^go. 

INIah-ne. 

Be-ah-la-ze. 

Be-u-RJ(*. 

Bayn-dah. 

Briyn-dah-gu-be-sje. 

]\Ia-ne-re-i)a-])a. 

Je-tah-bay-ray. 

Du-be. 

Sh6-ah. 

Ta-u. 

Gugu. 

Bityn-dah. 

La-ah. 

Nah-ko-chd. 

Nali-y.ih-see. 

Nah-zhe iia. 

Nah-gu-che. 

Nah-ro. 

Nah-w6 ne. 

Nah-ge-je. 

Nah-yu-sho. 

Re-golah. 

Nah-we-ue. 

Nah-sd-ka. 

Nah-jjir-bii. 

Ga-to. 

Nah-bah-ue. 

Nah-nruida. 

Man-dii. 

Nah. 

Le. 

Lah-vc. 



Tehin. 

Mock. 

tJ-koom. 

Shees. 

Nil. 

Pah-ho. 

Men-ah. 

lleuri-koh-e-ah. 

Tuke. 

Ilenhen. 

tj-suli. 

Saah-heen. 

Saah kah-ka. 

Ilohu. 

Boh-hok. 

Pencil. 

Saah. 

We-ah-ku. 

Ku-ku. 

Kohe-kay. 

Tim-neu-he. 

Poh-ho. 

Yenck. 

Tza-patz. 

Tzu-tzhus. 

Poots-poots. 

Same as light-blue. 

Ko-me. 

Waok-seng. 

Peu-me. 

Ah-im-am. 

Wack-scng. 

When-heu. 

Ne-nah. 

Ka-wum. 

Hech-pah. 

Wa-e-ie. 

Notzpah. 

Tus. 

Mishha. 

Taa-peu. 
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Ye. 

They. 

I TllJH. 

j Tlint. 
I AH. 
I SIniiy. 
I Who. 
[ Fiir. 
' Near. 
I Hei-e. 
1 TLert?. 
\ To-day. 
[ To-morrow. 
j Yesterday. 
■ Yes. 
' So. 
' One. 
, Twa 

Tliree. 
, Four. 

Fve. 

Six. 
' Seveo. 

Ei»ht. 

Nine. 

Ten. 

Eleven. 

Twelve. 
: Twenty. 

Thirty. 

Forty. 

Fifty. 

Sixty. 

Seventy. 

Eighty. 

^finely 
; One bandred. 
[ One thousand. 



I LiiU-ka-no. 
! Liilt-ti'i. 
; Lnh kti-l)(>. 



f!u-m 


'. Yt'ii-iH>uii. 


iie-iv-kn. 


; Kaa-|H>ali. 


Co 1.111. 


\Va-kii«. 


Stali-le. 


1 Scheii-hcii. 


Tn. 


1 Eo-woiih. 


Zi-tn. 


1 Yati heii. 


(liih-sha. 


i Tii-iiU'h. 


liah-re. 


I Y.u-he. 


Itali-ni-ka. 


! Kfi-hA. 


Ya-iiah-je. 


' (ia-o. 


(ie-sh<3. 


! HiV-lio. 


Xa-a-gc. 


' T.'-iiht'uck. 


Yah. 


lieu. 


Kah. 


' Uoe. 


Til-be. 


; Tu-iiia. 


Tchflpali. 


, Maj-stzati. 


Tcha-iiah. 


j Tu-\vaiiK. 


Tah-i>ah. 


! MrH^k-tii-shaii. 


Ci-yiu 


Mor.i-sliaii. 


Tsho-piih. 


( Tmhtaii. 


tiah-Jf. 


, W«'iis-too-laii. 


Sh'l-uo. 


Tuo-d(>o-taii. 


Gah. 


MaX:(iK)-taii. 


T.:ll<'. 


Miit-kaii. 


Tchu-U'-ta-lw. 


Mac-Ui-ma. 


TflH-Iii'-tiliH-pah. 


^Ia<'-kii-<-.s-ta-kaii. 


Ciliii-cl.-. 


lilis-Hhaii. 


(;im-tU-l.c-Nhi'. 


I-;]»s-ko-iiiao kaiK 


Tcliri-p;ili-ljiUlo-Kail-do. 


Wi-s It'iik-eps-shaii. 


TiIm-]KUi-Ialiti'-caii-de-iiotchc 


Wi's-ti'nk-i'ps co-inac-kaii 


TclirMiah-Iahti'-gaii-dt'. 


Tfiik-v[>s-shaii. 


Teh a- 1 1 ah ■ t a 1 1 - tp- gii 11 -de 11 o- ttl 1 e. 


Ti- 1 1 li ■ 1*1 IS -o •- niai'- ka 11 . 


Tah-iiali-)ah-te-j:aii-»lo. 


Mai- taps-shun. 


Tall-pah latitcfjaii-de-iio-tclie. 


. :\rai'-tapsi*.).ina<--kaii. 


To Kail yii-ah. 


, Moss-cps-siian. 


TclR'-gali.yii-ah. 


' Ma(--(']ifl-Khan. 
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sort can be purcbased. In tbe summer tbis town is said to be very bot, and in tbe winter tbe strei'ts 
are filled witb dust and drifting sand. The public mail readies Tebuantei>ec once a wiH?k, and tbis 
is tbe only town in tbe soutbern and central divisions of tbe Istbnuis wben» tbis is tbe case. Tlien* 
is but very little commerce, and tbe people aix^. becoming i)oorer every year. The manufactures 
were formerly of considerable importance, but of late years they have gi'catly dwliued. 

Salina Cruz is tbe sea-port of Tebuautepec, with which it is connected by a good level road, 
tbe distance being about twelve miles. There are only six small bouses here, and tbey are unoc- 
eu])ie<l, except during the occasional presence of a shii) in tbe harbor. Tlie harbor is completely 
protected from the northers by a semicircle of bills, and besides tbis it j)ossess^»s s(»vend natural 
advantages, which render its improvement much less difficult than tbe harbor of La Ventosii. The 
construction of a custom-house has been commenced by the Mexican government. Fresh water for 
tbe ships in tbe harbor is at present very diliicult to obtain, and the supply of it is limited. 

La Ventosa is tbe name of a slight indentation of tbe coast-line at the month of the Tebuau- 
tepec River. There is no town at this point, and, indeed, there is not so much as a single but beiv. 5 

San Mateo is built in a clump of timber on the sandy shores of a small lagoon, which eonuuu- 
nicates witb tbe sea, and is one of the i)rincipal towns of tbe Iluave Indians. The dwellings, with 
one or two excei)tions, are made of bamboo, and are located without any reference to regular 
streets. .The population is now about 800, but, from tbe large size of tbe church, half in ruins, wo 
Gonclbded that at a former period it was much greater. 

Santa Maria is located half a mile from the sea on the Siindy beach, and is protecteil from tb(^ !i 

scorching rays of tbe snn by a few forest trees. The population does not exceed four luindivd, all | 

of whom are Indians. Their squalid dwellings are infested with tleas and vermin to so gn*at a 
degree that to sleep or even to repose for an instant in them was impossible. AVe obsiTved that 
tbe drinking-water, whicb is obtained from holes dug in the sand alxmt the streets, is brackisb and 
contains many impurities. It should be liltered before used. 

Huilotepec is a small village of about fifty inhabitants, prettily located in the valley of the 
Tebuantepec River. Its inhabitants raise cattle and cultivate corn for tbe markets of Tebuaute- 
l>ec and Jucbitan. 

Jucbitan was, until last winter, the most important town on tbe Pacific ])lains, except Tebu- 
antei>ec, when, during a battle between its inhabitants and the trooi)sof Oaxaca, it was si»t on fins ^! 

and fully one-half of tbe town was reduced to ashes. Before this calamity, it contained a (Kipula- \ 

tion of ten thousand, and possessed considerable wealth. Although tbe iidiabitants lu^long to the I 

Za|K>teco race, they are constantly spoken of on the Isthmus as " Los Jucbitecos,'' and thev an^ •; 

quite celebrated for their industrious habits, sobriety, and intelligence. Th(»y are the best cultiva- 
tors of tbe soil found on the Isthmus ; and in the various wars in which they have taken pjirt, they 

have gained a reputation for bravery and endurance which is very civditable to their race. AVo '. 

visited Jucbitan a few days after its destruction, and in the i)hice of the former fiourishing town 
we beheld a mass of smoking ruins; and all tbe people not killed in the battle had fied to the 
forest for safety, save a few obi Indian women, who stood in sorrowful groups around the little 
heaps of ashes, tbe ruins of their former humble homes. 

El Espinal is a village of four hundred inhabitants, on tbe left bank of tbe IJio de los IVitos, 
four miles above Jucbitan. This place is of (piite recent origin, having sprung up about the ivsi- 
dence of a bishop who lived here at a former ])eriod. 

Iztaltepec is, since the destructtion of Jucbitan, tbe second town of importance on tbe Pacific 
slope, and has a population of six thousand souls. Of late years it has incivasi^d in size, owing to 
the fact that the repeated civil eonllicts in Tehuantei>ec an<l Juchitan have caused many ]M\iceably 
disposed persons to take up their residence in this town, which has been fortunate enough to escape 
the calamity of local rebellions. It is now the cen'u-r of the indigo trade, and on<'e a year a num- 
ber of merchants assemble here for the purpose of buying the indigo grown by the natives. 

San Geronimo is located onthe right bank of the Itio de los Perros, live miles above Iztalte- 
pec, and contains about two thousand inhabitants. Tlu*. <*<mntry surrounding it is slightly n)lling, 
and is well adapted to growing indigo, corn, an<l garden vegetables, tin* latter U'ing of a better 
equality than those of any other locality on the Pacillc side. 

Chibnitan, a small village of four hundred inhabitants, stands in the picturesijue valley of Los 
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spines, situated ooe on either side of the middle tooth. The hand is very largely beset with hairs. 

Length, . Habitat, same as the preceding. 

Pal(€inon fluvialiSj Streets, sp. nov. — Rostrum short, lanceolate, somewhat arcthed above, not as 
long as the lamellar appendices of the external autennsB, reaching to the end of the second joint of 
the antennae 5 superior margin armed with seven teeth, the inferior margin with two, situated near 
the point of the rostrum. One si)ecimen of this species has but four teeth above and one below. 
Two flagella of the internal antennae united for a very short distance ; spines on the lateral i>ortion 
of the carapax very small ; first pair of legs slender ; hand more than half the length of the 
carpus ; hand of the second pair, stout ; carpus shorter than the palmar portion of the hand, 
gradually enlarged toward the hand ; fingers cylindrical and straight, shorter than half of the 
hand, the same length as the carpus, beset with a few stiff hairs; legs smooth; length, 1.03 inches. 
This is a fresh-water palsemon, taken from a tributary of the Coatzacoalcos River, among the 
Cordilleras. 

MoLLUSCA. — Ampularia cumingii, bulimus powisianus, i)etit, pachycheilus liievissimus, sow- 
erby glandina? 

JOHN C. SPEAR, 

SHrgeoUj United States Kavy. 

THOMAS H. STREETS. 

July 14, 1871. 
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an Exploring Expe<lition to dotormine upon the practicability of a ship-canal between the two 
oceans across the Isthmus of Tehnantopec; that he will be accompanied by a few other officers, 
and that he proiwses to proceed to the Isthmus very soon. 

He has also infonnedme in the said note that he has been instructed to request the permission 
of the Mexican government to carry the explorations into effect, and that proper orders be issued 
to the local authorities of the territory to be traversed to aid the objtHits of the Expedition and pro- 
tect the exploring p«'vrty. 

The President of the republic, ha\ing taken the subject into consideration, has been i>leased 
to grant the said permission, and has directed that you be informed of the fact, in order that you 
may issue the necessary orders to the commanders of the fed(Tal forces at Minatitlan, and at 
other points of the territory to be traversed, in ordet that, as far as possible or necessary, they may 
aid and protect the exi)loring party. 

I beg that you will immediately issue such orders in advance, and if I shall receive a previous 
notification of the precrise time of Captain Shui'eldt's arrival, I will let you know at once. 

Independence and liberty. Mexico, October 13, 1870. 

LERDO DE TEJADA. 

Citizen Ml^'ISTEu of Wau. 



F. 

[Translation."! 

Depautiment of Foreign Affairs, {Uiiofficial,) 

Mexico^ October 14, 1870. 
Esteemed Sir: 1 have received your excellency's unofficial note of to-day, in which you ex- 
press a desire to send by the extraordinary mail which is to be sent from this city for the American 
packet, my reply to your excellency's note of the 0th instant, relative to the Exploring Expedition 
appointed bj' the United States of America to determine upon the practicability of constructing a 
ship-canal between the two oceans across the Isthmus of Tehuantepec. 

My reply was already drawn up yesterday, but has not been sent until to-day, owing to a delay 
occasioned by the ])repanition of the copies of the accompanying documents. 

I improve this opportunity to inform your excellency, in case you have not yet been notified, 
and for your convenience in sending your correspondence, that the postmastcT general has today 
sent me word that the extraordinary mail for the American packet will start from this city the day 
after tomorrow, the lOtli instant, at 9 o'clock a. m. 

I am, very respectfully, your excellency's obedient servant, 

S. LERDO DE TEJADA. 
His Excellency Thomas 1 1. Nelson, 

Minister Vlenipotentiary of the United tStates of Ameriea in Mexico. 



-f. 



Legation of the United States, 

Mexico, October 15, 1870. 
Sir: I have the honor to acknowledge the receipt of your excellency's note of the 13th instant, 
ccmcerning the proposed survey of tlie Isthmus of Tehuantepec, in which I am informed that his 
excellency the President gladly grants permission to the surveying party to make the exploration 
of the Lsthmus, recognizing all the advantages which the construction of a ship-canal would 
])roduce, if it shall prove practicable. Your excellency was kiiul enough to inclose copies of the 
communications which had been addressed to tiie governors of the States of Vera Cruz and Oaxaca, 
re<iuesting them to notify tlu* local authorities of those States to aid, as far as possible, the objects 
of the Expedition, and protect the exploring party ; also, a copy of a communication which was 



-^ 
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addressed to the minister of war, iu order that he should notify in a similar manner the commanders 
of the federal forces in Minatitlan and at other ])oint8 of the territory which will be traversed by 
the Expedition. I am also advised that his excellency the President has determined that the 
depjirtment of public works shall appoint a commission to accompany the Expedition, and take part 
in its labors. 

I will have the honor to transmit copies of your excellency's note and the accompanying 
papers to the Secretary of State of the United States, who, as well as my Government, will bo 
gratified at the judicious and considerate measures which have been adopted by your excellency's 
government to facilitate the objects of the Expedition. 

I will take pleasure iu announcing to jour excellency the time of the arrival at Vera Cruz of 
Captiiin Shufeldt and the surveying party from the United States, so that the proper arrangements 
may be made for the commission to bo appointed by the department of public works to join them. 

lienewing the assurances of my highest consideration, I have the honor to remain your excel- 
lency's obedient servant, 

THOMAS n. NELSON. 

nis Excellency 8. Lehdo de Tej^vjda, 

Secretary of Foreign Affairs, Mexico, 
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